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I. 

THE  ENGINEER  AS  A  MORAL  FACTOR. 

Annual,  Address  by  the  Retiring  President,  Arthur  Falkenau. 

Read  January  16,  1897. 

The  modern  and  inevitable  tendency  to  specialization  is 
fraught  with  baneful  influences,  which  seem  to  prevent  the 
broader  development  necessary  for  a  true  conception  of  the 
meaning  of  life.  The  ideal  development  of  man  lies  in  the  even 
growth  of  all  his  faculties,  and  if  we  would  attain  the  highest 
purpose,  we  should  be  men  before  we  are  doctors,  merchants, 
lawyers  or  engineers.  The  most  beautiful  tree,  be  its  special 
function  to  bring  forth  the  acorn  or  the  golden  orange,  is  the  one 
whose  branches  are  symmetrical,  whose  foliage  is  luxuriant  and 
whose  growth  is  harmonious.  Though  weighted  with  the  finest 
fruit,  it  has  developed  its  leaves  and  branches  and  forms  a  perfect 
whole.  Why  should  it  be  any  more  necessary  in  human  nature 
than  in  the  beautiful  nature  surrounding  us  evervwhere,  that 
when  it  unfolds,  the  weight  of  the  fruit  it  bears  should  be  so  dis¬ 
tributed  as  to  distort  it  from  all  semblance  to  its  species  or  that 
its  strength  should  be  sapped  to  the  detriment  of  all  other  capa¬ 
bilities?  Is  it  that  the  demands  made  on  us  by  the  requirements 
of  modern  existence  are  greater  than  we  can  possibly  bear? 
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Careful  consideration  will  refute  such  a  supposition.  Let  a  seed 
fall  in  rich  soil.  Let  the  young  plant  be  nursed  by  rain  and  sun¬ 
shine,  and  every  power  of  nature  aid  in  maturing  it;  then  we 
may  expect  a  perfect  plant.  So,  too,  with  the  hurpan  individual. 
Where  his  natural  endowments  are  the  best  and  his  environ¬ 
ment  and  cultivation  most  conducive  to  his  growth,  there  shall 
we  find  the  most  perfect  being. 

There  is,  however,  one  great  distinction.  The  human  being  is 
not  helplessly  subject  to  the  conditions  imposed  b}'  nature.  He 
is  possessed  of  independent  will  and  can  largely  create  his  own 
circumstances.  There  are  forces  under  his  control, — physical, 
intellectual  and' moral.  lie  may  not  be  able  to  shape  material 
conditions  in  the  mould  he  fancies  most,  but  of  himself  he  is  the 
king.  It  is  for  him  to  develop  to  the  utmost,  what  germ  of  the 
divine  spirit  is  in  him.  Not  only  is  his  attitude  toward  himself 
important  in  its  bearing  on  his  growth,  but  it  determines  his 
direct  influence  on  the  community  and  the  nature  of  that  subtle 
impress  on  the  world  which  each  life  leaves  after  it  has  passed 
away. 

We  are  apt  to  think  that  the  inheritance  from  ancestors  of  the 
engineering  profession,  and  the  environment  of  engineering 
activity,  are  the  best  and  almost  only  circumstances  which  can 
produce  great  engineers.  That  this  is  not  always  true,  is  illus¬ 
trated  by  the  lives  of  Nasmyth,  Fulton,  and  others.  More 
important  to  create  the  inspiration  which  makes  the  great 
engineer  are  the  moral  forces,  the  veneration  of  truth,  and  the 
aim  of  idealism.  A  love  of  literature  or  art  may  foster  these  as 
well  as  an  innate  love  of  science.  It  may  be  contended  that  this 
inspiration  gained  from  art  or  literature  could  be  sought  with 
reasonable  comfort  in  the  days  of  the  famous  engineers  just  men¬ 
tioned  ;  that  now  the  need  of  acquiring  minute  and  special 
engineering  knowledge  does  not  leave  room  for  aught  else.  It  is 
forgotten  that  the  increase  of  facilities  for  gaining  knowledge  has 
kept  pace  with  the  growing  demand. 

In  the  early  part  of  this  century  engineering  courses  were 
unknown,  and  the  majority  of  engineers  had  no  scientific  train¬ 
ing,  but  that  acquired  by  dint  of  close  application  to  such  books 
on  natural  philosophy,  chemistry  and  mathematics,  as  were 
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available.  If  one  was  so  fortunate  as  to  enjoy  a  scientific  educa¬ 
tion  at  a  university,  it  was  so  broad  as  to  require  much  extra 
work  on  the  part  of  the  student  to  adapt  it  to  the  profession  of 
engineering.  Surely  the  modern  system,  which  presents  intel¬ 
lectual  dishes  already  prepared  to  suit  every  taste,  should  set 
much  time  free  which  was  formerly  spent  in  the  cooking. 

In  the  present  age  we  are  more  highly  favored.  The  shaping 
of  our  course  is  not  so  much  the  sport  of  fortune,  nor  is  it  left  to 
the  erratic  and  uncertain  judgment  of  parents.  Every  oppor¬ 
tunity  is  given  to  discover  the  bent  of  a  young  man’s  mind,  and 
well  organized  schools  exist  everywhere  to  assist  in  moulding 
and  training  the  young  engineer.  How  far  his  latent  possibilities 
shall  be  developed,  will  depend  as  much  on  the  moral  as  the 
intellectual  force  of  the  teacher  of  enginering.  He,  more  than 
any  other,  has  it  in  his  power  to  encourage  high  aims,  to  instil  a 
noble  conception  of  the  calling,  and  to  inspire  enthusiasm.  It  is 
a  work  of  great  reponsibility  which  the  teacher  assumes,  and 
many  there  are  who  have  applied  themselves  with  untiring 
energy  to  the  highest  and  truest  development  of  the  subject  of 
their  devotion,  and  have  earned  the  deserved  recognition  and 
faith  of  mankind.  They,  more  than  any  other  class  of  our  com¬ 
munity,  are  free  from  that  modern  curse — the  pursuit  of  wealth 
— which  when  it  attacks  even  the  greatest  genius,  produces 
atrophy.  It  is  evident  that  Faraday  clearly  realized  this  fact. 
Tyndall  tells  us  that  at  a  time  when  great  opportunities  for 
amassing  a  fortune  presented  themselves  to  Faraday,  he  felt  he 
had  to  choose  between  wealth  on  the  one  side,  and  undowered 
science  on  the  other.  He  chose  the  latter  and  died  a  poor  man. 
He  carried  his  singleness  of  purpose  and  loyal  devotion  to  sci¬ 
ence  to  such  an  extent  that  when  the  presidency  of  the  Royal 
Society  was  offered  him,  he  refused  it  in  the  following  words : 
“Tyndall,  I  must  remain  plain  Michael  Faraday  to  the  last,  and 
let  me  now  tell  you,  that  if  I  accepted  the  honor  which  the  Royal 
Society  desires  to  confer  upon  me,  I  would  not  answer  for  the 
integrity  of  my  intellect  for  a  single  year.” 

Although  the  American  has  been  justly  accused  of  too  great  a 
worship  of  mammon,  I  am  glad  to  believe  our  teachers  of  both 
pure  and  applied  science  are  fast  learning  to  take  the  attitude  of 
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the  pursuit  of  science  for  science’s  sake,  which  characterizes  so 
many  of  their  European  brethren.  Nevertheless  there  are  many 
who  follow  teaching  merely  as  a  bread-calling,  and  live  in  the 
hope  of  attaining  to  some  lucrative  position,  their  real  aim  being 
concentrated  on  material  gain..  They  perform  their  work  in  a 
mechanical  manner,  grinding  out  the  conventional  engineer, 
cramming  the  student’s  mind  with  facts  and  propagating  in  him 
the  same  errors  and  lack  of  high  ideals  which  have  chained 
them,  otherwise  talented  individuals,  to  a  low  plane  of  usefulness. 
Unfortunately  this  class  of  teachers  is  sufficiently  large  to  tinc¬ 
ture  the  whole  educational  system  with  its  perverted  views.  Too 
much  stress  is  laid  upon  the  mere  perfunctory  acquirement  of 
knowledge.  The  teacher  should  encourage  doubt  and  original 
thought  in  the  student’s  mind  ;  without  these,  truth  in  all  its 
glory  cannot  be  realized.  The  appreciation  of  the  fundamental 
truths  in  science  will  awaken  an  admiration  and  enthusiasm, 
which  will  not  only  color  the  entire  moral  life,  but  which  will 
also,  from  a  purely  practical  and  material  point  of  view,  produce 
the  greatest  results. 

The  old  contest  between  the  humanities  as  embodied  in  the 

i 

classic  courses  on  the  one  side,  and  science  as  represented  by  the 
various  special  courses  on  the  other,  is  still  being  waged.  The 
broadening  influence  of  the  humanities  cannot  be  denied,  and  I 
believe  will  ultimately  receive  recognition  in  connection  with  a 
scientific  education,  although  in  a  greatly  modified  form  from 
that  advocated  by. its  vehement  supporters.  A  literary  man  who 
has  taken  his  degree  in  arts,  has  not  only  received  in  the  course 
of  his  study  of  Latin,  Greek,  literature,  history  and  philosophy, 
the  tools  to  be  used  in  his  future  life  work,  but  has  imbibed 
almost  unconsciouslv  the  moral  influence  of  Plato  and  Marcus 
Aurelius,  of  Greek  art  and  Roman  intellect,  of  the  immortal 
poets  of  Italy,  Germany  and  England.  So  in  history  and  litera¬ 
ture,  thoughts  and  memories  which  remain  to  him  are  centered 
about  living,  breathing  beings.  The  force  of  example  bears  in 
upon  him  everywhere.  He  sees  what  man  can  be  and  do,  and 
his  fire  of  enthusiasm  is  kindled  thereby.  He  selects  his  hero, 
his  model.  How  great  the  value  of  reaching  this  point  is,  can 
only  be  fully  appreciated  by  understanding  the  truth  which 
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Emerson  has  expressed  in  these  apt  words:  “The  youth  intoxi¬ 
cated  with  his  admiration  of  a  hero,  fails  to  see  that  it  is  only  a 
projection  of  his  own  soul  which  he  admires.”  This  germ  of  a 
high  and  noble  purpose,  although  it  be  only  an  unconscious 
possession,  becomes  a  nucleus  about  which  ideas  reaped  by  the 
student  in  his  daily  work  are  grouped  and  rounded  into  a 
harmonious  whole.  The  study  of  the  biography  and  history  of 
the  engineering  world,  if  introduced  in  an  engineering  course, 
would  keep  the  student  more  in  touch  with  human  nature, 
increasing  his  self-trust  and  inspiring  him  with  higher  and 
broader  aims.  This  might  be  a  small  step  in  the  direction  of 
admitting  the  humanities,  and  would  appeal  to  those  opposed  to 
any  but  scientific  studies  in  an  engineering  curriculum. 

When  a  student  emerges  from  that  bright  elevating  atmosphere 
which  envelops  all  true  institutions  of  learning,  and  meets  with  the 
apparently  cold,  hard  life  of  the  business  world,  the  hold  on  the 
high  ideals  he  has  formed  is  put  to  great  strain,  and  frequently 
his  views  become  distorted,  if  the  ideals  are  not  entirely  wrenched 
from  his  grasp.  It  is  then  that  his  understanding  of  the  prin¬ 
ciples  of  the  studies  he  has  pursued  and  the  earnestness  of  his 
purpose  are  put  to  the  test.  The  young  engineer,  in  his  daily 
work,  is  confronted  with  perplexing  problems.  He  finds  that  in 
constructing  earth  works,  building  machines,  or  developing 
mines,  he  is  met  at  every  hand  with  so  many  practical  considera¬ 
tions  that  it  almost  seems  that  the  many  years  he  has  devoted 
to  study  have  been  wasted.  He  finds  that  his  theoretical  knowl¬ 
edge  is  frequently  misapplied,  that  he  of  practical  training  out¬ 
strips  him,  that  he  is  losing  time  and  suffering  useless  anxiety  in 
attempting  to  make  use  of  theory,  where  practical  considerations 
outweigh  the  former,  and  lead  to  a  quicker  accomplishment  of  the 
duty  before  him.  This  struggle  goes  on  for  a  time  until  he  be¬ 
comes  confused  and  even  skeptical.  Nor  are  these  moral  effects 
solely  confined  to  the  pursuit  of  his  calling.  His  whole  moral 
being  is  severely  shaken.  He  casts  doubt  not  only  upon  the  ap¬ 
plication  of  scientific  principles  to  practical  engineering,  but  on 
those  broader  principles  which  are  to  solve  the  problem  of  life 
itself.  He  begins  to  believe  that  selfishness  and  meanness  are 
better  calculated  to  lead  to  advancement  than  those  ideals 
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which  have  been  formed  during  his  warm  fellowship  of  college 
days.  The  engineers  he  meets  refuse  that  free  interchange  of 
thought  which  so  enriched  his  student  life.  He  is  everywhere 
confronted  with  the  notice,  “  No  admittance,”  and  it  appears  to 
him  that  his  neighbors  actually  delight  in  strewing  his  path  as 
thickly  with  thorns  as  possible.  It  is  gratifying  to  know  that  this 
spirit  of  exclusiveness  and  jealousy  is  not  nearly  as  pronounced  as 
it  was  years  ago.  The  young  engineer  needs  encouragement  and 
the  fellowship  of  his  more  experienced  brethren.  Nor  is  their 
duty  towards  the  novice  without  its  reward.  The  world  is  ever 
new,  and  thoughts  which  may  have  lain  dormant  in  an  older 
field  may  bear  rich  fruit  when  transferred  to  the  fresh  soil  of  the 
young  and  active  brain.  If  the  engineer  be  placed  in  a  position 
giving  him  command  of  other  men,  he  is  led  to  think  that  he 
must  learn  how  to  be  hard  and  unsympathetic.  It  is  sometimes 
thought  that  to  have  sentiment  is  not  manly.  Puerile  or  morbid 
sentimentality  is  very  different  from  a  strong  fellow-feeling.  No 
one  has  ever  lost  in  true  self-development  by  holding  fast  to  the 
manly  sentiments  of  human  fellowship,  by  jealously  guarding  in¬ 
tegrity  even  at  the  expense  of  temporary  or  apparent  retardation. 
The  saying  that  business  and  sentiment  do  not  mix  is  undoubt¬ 
edly  true,  if  we  accept  the  definition  of  the  former  as  being  that 
scientific  adjustment  of  circumstances  and  transactions  which 
will  result  in  the  greatest  pecuniary  profit.  In  such  transactions, 
the  natural  laws  of  business  should  receive  the  first  consideration, 
but  should  be  closely  followed  and  modified  by  worthy  sentiment. 

The  object  of  business  is  the  making  of  money  in  an  honorable 
manner,  but  it  is  secondary  to  the  object  of  life,  which  is  the 
development  of  the  highest  and  best  that  is  in  us.  If  after  many 
disappointments  and  long  deferred  hopes,  a  position  of  respon¬ 
sibility  is  attained  by  the  engineer,  he  meets  with  new  trials  and 
greater  temptations.  If  he  has  not  the  courage  to  face  his  re¬ 
sponsibilities  fairly,  he  may  seek  to  shirk  them,  and  place  them 
where  they  do  not  belong.  To  adopt  such  a  course  would  be 
cowardly.  A  frankly  acknowledged  failure  commands  respect 
and  may  in  the  end  prove  a  stepping  stone  to  success.  If  the 
mercenary  spirit  is  strongly  developed,  opportunities  for  taking 
and  giving  bribes  are  quickly  discerned.  Then  danger  is  at 


Phila.,  1897,  XIV,  l.]  Falkenau — The  Engineer  as  a  Moral  Factor.  7 

hand — ruin  of  the  man  is  imminent.  If  he  yields,  all  the  latent 
possibilities  with  which  he  may  be  endowed,  if  not  absolutely 
crushed  under  the  weight  of  the  ill-gotten  gold,  are  at  least 
blighted  in  their  growth.  His  development  can  never  be  what 
it  would  have  been  had  he  scorned  temptation,  and  placed  honor 
and  principle  above  all  else.  The  time  comes  to  most  men  when 
they  must  choose  between  worldly  welfare  and  being  true  to  them¬ 
selves.  Superiors  may  demand  of  the  engineer,  the  sanction  or 
commission  of  deeds  which  his  conscience  cannot  approve.  How 
often  do  we  hear  of  bribes  offered,  to  induce  the  purchase  of  sup¬ 
plies  or  machinery,  the  false  measurement  of  stone  or  earthwork, 
to  permit  the  departure  from  specifications  or  to  make  a  glowing 
or  false  report  on  the  test  of  some  new  invention,  or  on  the  capa¬ 
city  of  some  engineering  structure  ?  Often  these  same  objects  are 
sought  to  be  attained  not  only  by  briber}7,  but  by  pressure  or  com¬ 
mand  from  superiors,  the  influencing  consideration  being  the 
loss  of  a  position.  When  the  sacrifice  of  principles,  integrity  and 
self-respect  are  at  stake  there  can  be  but  one  true  course — the 
engineer  must  resign. 

Before  the  Civil  War  a  league  was  entered  into  by  Southern 
merchants,  not  to  purchase  goods  of  those  who  were  not  of  their 
party.  Circulars  were  sent  to  all  the  Northern  importers,  inform¬ 
ing  them  that  if  they  did  not  withdraw  from  all  connection  and 
sympathy  with  the  anti-slavery  movement  of  the  North,  their 
trade  with  them  would  cease.  Be  it  said  to  the  credit  of  the 
majority  of  the  merchants  of  that  period,  which  tried  the  metal 
men  were  made  of,  the  answer  came  unhesitatingly,  clear  and 
distinct — we  sell  our  goods,  not  our  principles.  So  the  engineer 
may  sell  his  services,  but  never  his  principles.  Unfortunately,  in 
the  business  world  of  to-day,  evasion,  trickery,  deception,  the  use 
of  bribery,  the  abuse  of  confidence,  and  even  theft,  are  not  only 
winked  at,  but  under  the  euphemisms  smartness  and  shrewdness, 
are  admired.  Thus,  the  unjust  interpretation  of  contracts  is 
frequently  resorted  to,  merely  as  a  pretext  for  obtaining  a  pecuni¬ 
ary  advantage.  No  doubt,  at  times,  when  taken  by  the  letter, 
the  demands  made  by  contracts  may  be  over-exacting.  When 
this  occurs,  equity  can  only  be  attained  by  aiming  to  carry  out 
the  spirit  of  the  agreement.  Great  caution  and  conscientiousness 
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should  be  exercised,  but  captious  criticism  and  strained  interpre¬ 
tation  of  contracts  are  strongly  to  be  condemned. 

Large  engineering  enterprises  are  always  undertaken  by  incor¬ 
porated  associations.  The  problem  of  maintaining  a  high 
standard  of  ethics  in  the  engineering  world,  when  considered  in 
relation  to  corporations,  becomes  an  intricate  one.  The  laws 
governing  corporations  and  the  powers  granted  them  are  of  the 
utmost  importance.  Yet  the  engineer  of  personal  integrity  and 
high  moral  principle  who  may  be  an  employee  or  a  member  of 
the  company  will  form  a  leaven  which  will  raise  the  whole  mass. 

A  higher  standard  of  individual  morality  would  have  prevented 
armor  plate  frauds  and  Panama  scandals. 

Although  the  financial  and  commercial  men  connected  with 
companies  have  a  large  burden  of  blame  on  their  shoulders,  we 
must  not  shirk  the  responsibility  which  belongs  to  the  engineer, 
by  claiming  that  his  influence  could  not  counteract  the  reckless 
debauchery  and  immorality  practised  in  the  name  of  business. 
His  direct  influence  may  be  small,  but  his  honorable  action  will 
make  itself  felt. 

The  entire  irresponsibility  of  companies  for  statements  promul¬ 
gated  by  them  to  the  public,  encourages  and  assists  the  stock- 
jobbing  tendency.  Unfortunately,  engineers  are  readily  found 
who  will  report  on  inventions  or  engineering  schemes  to  suit  the 
nefarious  purposes  of  the  stock  gamblers.  Men  who  would  feel 
personally  disgraced  by  certain  actions  do  not  hesitate  to  coun¬ 
tenance  the  same  actions,  when  performed  by  a  stock  company 
of  which  they  are  members  or  even  directors  or  executives.  The 
powers  exercised  by  corporations,  although  theoretically  circum¬ 
scribed,  are  practically  greater  than  those  of  individuals,  while 
their  responsibilities  are  less. 

Responsibility  for  injury  wrought  by  misstatements  and  finan¬ 
cial  liabilities,  due  to  mismanagement,  should  be  placed  on  direc¬ 
tors  and  executives,  whose  moral  obligation  in  this  respect  cannot 
be  doubted.  Although  the  creation  of  stock  companies  is  sanc¬ 
tioned  primarily  to  facilitate  the  combination  of  capital  and 
energy  for  laudable  purposes,  it  is  too  often  resorted  to  as  a  mere 
method  for  evading  liabilities  and  moral  obligations.  It  is  an 
old  saying,  that  a  corporation  has  no  soul.  It  seems  to  me  that 
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the  law  which  created  the  body  could  provide  a  soul  which  would 
have  at  least  some  moral  sensitiveness.  The  Canadian  system 
of  making  the  liability  of  the  stockholder  twice  the  amount  of 
stock  subscribed  is  one  step  in  this  direction  and  has  had  a  bene¬ 
ficial  influence.  This  system  might  be  introduced  with  advantage 
into  this  country  and  be  supplemented  by  other  reforms.  There 
are  other  laws  besides  those  relating  to  stock  companies  which 
have  an  important  bearing  on  the  ethics  of  the  engineering 
world.  Of  these  our  patent  laws  particularly  are  sadly  in  need 
of  revision.  They  do  not  protect  the  rights  to  valuable  inven¬ 
tions,  and  they  cultivate  a  lax  public  conscience  by  inviting 
infringements  of  patents  that  should  never  have  been  granted. 

The  meaning  of  the  words  novelty  and  invention  is  stretched 
to  its  utmost  limit.  When  patents  are  granted  for  the  applica¬ 
tion  of  prime  movers  at  three  points  of  a  mechanism  instead  of  at 
one,  for  the  retention  of  the  temper  colors  on  edge  tools  of  com¬ 
pound  metal,  instead  of  their  removal  by  polishing,  or  for  a 
specific  ratio  between  the  cubic  contents  and  the  heating  surface 
in  the  evaporator  of  an  ice  machine,  it  is  evident  that  our  patent 
system  directly  promotes  strife  and  obstructs  progress,  thus  fail¬ 
ing  in  the  very  purpose  for  which  it  was  created.  The  utility  of 
good  laws  cannot  be  doubted,  but  as  all  those  which  are  effective 
are  but  the  crystallization  of  public  opinion,  individual  morality 
which  precedes  wholesome  public  opinion  will  accomplish  more 
than  all  statutes. 

The  financier,  the  merchant,  the  doctor,  the  lawyer,  have 
much  to  do  to  bring  morality  to  the  fore,  in  their  callings.  Let 
the  engineer  do  by  combined,  as  well  as  individual  effort,  what 
is  possible  in  his  sphere.  A  high  standard  of  honor  is  said  to 
prevail  among  the  members  of  the  stock  and  produce  exchanges. 
The  ability  to  maintain  it  lies  in  the  power  of  these  institutions 
to  exact,  for  violation  of  their  laws,  the  extreme  penalty,  loss  of 
membership,  without  which  business  cannot  be  conducted  to  ad¬ 
vantage.  Something  can  be  done  by  engineering  societies,  but 
little  beyond  the  adoption  of  a  code  of  ethics.  Such  a  code  was 
adopted  last  year  by  the  Canadian  Society  of  Civil  Engineers. 
The  questions  of  bribery,  stealing  designs,  and  numerous  other 
evils,  as  already  pointed  out,  involve  the  morality  not  of  the 
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engineer  alone,  but  of  that  combination  which  we  call  the  busi¬ 
ness  community. 

What  might  not  be  accomplished  in  the  way  of  practical  reform 
if  associations  of  business  men  were  organized  for  the  purpose  of 
enforcing  a  high  standard  of  honor  in  the  business  world.  Such 
organizations  could  undertake  suits  against  offenders  which  pri¬ 
vate  concerns  could  not  venture  to  prosecute.  If  damages  were 
recovered  they  might  accrue  to  the  associations  and  be  used  to 
further  their  objects.  We  have  reform  leagues  in  the  political 
life  of  the  country  ;  why  not  in  the  commercial  and  professional 
life?  There  are  signs  everywhere  of  a  moral  awakening. 

The  regeneration  of  the  community  is  aimed  at  by  associations 
for  housing  reform,  reform  in  shopping,  reform  in  the  treatment 
of  animals,  and  a  hundred  others.  Many  of  these  have  become 
strong  factors  in  moulding  sentiment,  which  must  always  pre¬ 
cede  any  substantial  moral  reform.  Let  us  dignify  our  profession 
and  raise  it  to  the  highest  plane  of  civilization.  Progress,  the 
living  out  of  our  talents,  the  spread  of  happiness,  these  should 
be  the  result  of  building  railroads  and  ships,  canals  and  bridges. 
The  mere  material  advance  is  but  a  means  to  the  true  end  of  life. 

What  a  hollow  mockery  would  be  this  world  if  material  pro¬ 
gress,  this  vast  and  intricate  structure  built  by  ceaseless  toil  of 
hand  and  brain,  should  crush  humanity  and  be  but  a  grave  for 
human  love  and  hope.  Some  pessimists  and  agitators  would 
have  us  believe  that  modern  civilization  enslaves  humanitv,  but 
the  broad  signs  of  the  times  refute  this  argument.  Will  any  one 
maintain  that  were  it  not  for  material  progress,  steamships,  rail¬ 
roads,  canon  and  dynamite,  arbitration  would  be  in  the  air? 
Would  the  theory  of  might  is  right  have  yielded  to  any  other 
knight  in  the  fray  than  the  engineer?  Could  that  gaunt  fiend, 
famine,  have  been  stayed  at  the  threshold  a  hundred  years  ago 
as  he  is  to-day  ?  Human  sympathy  has  been  made  world-wide. 
Our  knight  has  broken  down  the  barriers  between  the  families  of 
the  human  race.  May  his  influence  as  a  moral  factor  keep  pace 
with  the  increasing  magnitude  of  engineering  works.’  Let  the 
engineer  remain  in  the  van  and  let  us  remember  Carlyle’s  words: 

“  Men  do  less  than  tliev  ought 
Unless  thev  do  all  that  they  can.” 
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BOILERS  AS  THE  INSPECTOR  FINDS  THEM. 


By  George  B.  Hartley,  Active  Member. 

Bead  February  6,  1897. 

The  subject  of  steam  boilers  is  one  in  which  we  are  all  inter¬ 
ested,  and  with  which  we  have  had  more  or  less  experience. 
Therefore,  it  is  not  my  intention  to  treat  it  in  a  statistical  light, 
but  to  invite  discussion  ;  I  trust  that  the  different  items  herein 
stated  will  bring  this  about  to  mutual  advantage.  What  one 
would  say  from  an  inspector’s  standpoint  must  necessarily  be  as 
to  the  practical  side  of  the  question,  as  it  is  a  condition  following 
the  theory  that  confronts  him. 

I  would  first,  however,  say  a  few  words  in  regard  to  what  I 
believe  to  be  an  indirect  cause  of  many  explosions.  That  is  the 
regretful  fact  that  so  few  States  or  municipalities  have  laws  gov¬ 
erning  the  examination  of  steam-generators,  and  regulating 
the  pressures  to  be  carried.  It  is  surprising  that  in  this  entire 
country,  Philadelphia  is  the  only  city  which  has  a  rigid  sys¬ 
tem  of  inspections,  based  upon  a  law  including  rules  founded 
upon  mechanical  principles,  to  determine  the  safe  pressures, 
preventing  the  inspector  erring  in  judgment,  and  establishing 
for  new'  boilers  a  maximum  load.  Certainly,  this  should  be 
national  law,  or  adopted  separately  by  each  State;  insurance 
companies  wrould  be  only  too  glad  to  work  under  it.  It  would 
compel  boiler  manufacturers  to  build  standard  types.  As  it  is 
now,  no  two  boilers  are  constructed  alike  unless  from  the  same 
works.  The  good  results  following  this  system  of  inspection  may 
be  told  in  the  words  of  an  official  connected  with  the  Bureau  of 
Steam  Engineering  of  this  city,  in  reply  to  a  question  as  to  the 
number  of  explosions,  loss  of  life,  etc.,  in  the  past  five  years,  who 
said,  “  Bless  your  soul,  there  has  been  none.”  This  is  unequaled, 
in  view  of  the  fact  that  wre  have  within  our  city  limits  nearly 
7,500  boilers.  The  other  few7  localities,  where  the  authorities  hav¬ 
ing  deemed  it  advisable  to  impose  restrictions,  have  adopted 
what  is  knowm  as  the  “government”  rule ;  this  rule  does  not  con- 
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sider  every  element  of  strength  and  weakness  of  a  boiler,  and 
admits  of  the  inspector  using  his,  perhaps,  faulty  judgment. 

To  be  more  definite,  in  Kings  County  (N.  Y.),  which  includes 
Brooklyn,  the  following  is  the  rule:  “The  inspector  will  apply 
the  following  rule  in  fixing  the  limit  to  be  allowed  on  such  boiler 
or  boilers  :  Multiply  one-sixth  of  the  lowest  tensile  strength  found 
stamped  on  any  plate  in  the  cylindrical  shell  by  the  thickness, 
expressed  in  inches  or  parts  of  an  inch,  of  the  thinnest  plate  in 
the  same  cylindrical  shell,  and  divided  by  the  radius  or  half¬ 
diameter,  also  expressed  in  inches,  and  the  same  will  be  the  press¬ 
ure  allowed  per  square  inch  for  a  single-riveted  boiler,  to  which 
add  20  per  cent,  for  a  double  rivet.”  (This  riveting  refers  to  the 
longitudinal  seams  in  a  horizontal  boiler,  and,  of  course,  to  the 
vertical  seams  in  a  vertical  boiler.)  By  this,  the  inspector  is  com¬ 
pelled  to  accept,  without  question,  the  stamp  on  the  material — 
the  higher  the  tensile  strength,  the  greater  pressure  would  be 
allowed ;  this  tensile  strength  could  be  run  so  high  as  to  make 
the  material  totally  unfit  for  boilers,  yet  permit  of  the  inspector 
issuing  a  certificate  allowing  an  extremely  high  pressure,  and 
this  for  a  boiler  even  with  single-riveted  joints.  The  one  design¬ 
ing  and  drawing  up  specifications,  if  he  knew  no  better,  would 
ponder  over  the  advisability  of  considering  a  high  tensile  strength 
with  single-riveted  seams,  or  a  lower  tensile  strength  with  double- 
riveted  longitudinal  serins.  This  is  absurd,  yet,  as  will  be  seen 
by  the  foregoing,  permissible.  Now,  for  the  20  per  cent,  addi¬ 
tional  when  the  seams  are  double-riveted.  Unquestionably,  the 
weak  point  in  a  cylindrical  boiler-shell  is  the  joint,  and  the  rivets 
should  be  of  the  proper  size  and  of  the  proper  spacing  apart,  to 
allow  the  joints  to  be  of  as  high  percentage,  compared  with  the 
solid  plate,  as  possible.  Once  upon  a  time  it  was  thought  that 
the  more  rivets  there  were  in  a  joint,  the  stronger  it  would  be, 
regardless  of  the  number  of  holes  punched  in  the  sheet,  thus 
unknowingly  causing  a  double-riveted  joint  to  be  weaker  than  a 
single- riveted  one,  if  the  rivets  in  the  latter  were  properly  spaced; 
yet,  Kings  County  boilers  are  allowed  20  per  cent,  additional 
under  these  adverse  circumstances.  Insurance  companies,  in¬ 
specting  boilers,  must  keep  within  the  laws  governing  the  same; 
in  this  case,  they  are  compelled  to  do  so  as  a  matter  of  self-pro- 
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Boiler  Clogged  with  Scale,  Proving  Inefficiency  of  Hydrostatic 
Pressure  to  Determine  Condition  of  Boiler,  this  having 
been  Applied  for  6  Years  before  an  In¬ 
ternal  Examination  was  Made. 
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tection.  The  inspectors,  in  determining  the  maximum  pressures 
to  be  carried,  must  necessarily  figure  on  every  element,  the  first 
of  which  would  be  to  determine  the  strength  of  the  seam  ;  not 
only  the  comparison  of  the  sheets  after  the  rivet- holes  are 
punched,  but  the  strength  of  the  rivets  in  the  seam  also,  the 
lower  percentage  of  these  two  being  taken  as  a  constant,  to  figure 
the  ultimate  strength  of  the  boiler.  This,  if  resulting  in  press¬ 
ures  below  that  allowed  by  the  county,  will  doubtless  cause 
many  conflicts,  the  steam-user  probably  wanting  to  know  why 
the  company’s  inspector  does  not  grant  the  high  pressure  allowed 
bv  the  authorities. 

The  law  makes  it  necessary  to  apply  the  hydrostatic-pressure 
test,  while  a  hammer-test  need  only  be  made  at  the  option  of  the 
inspector.  Admitting  that  this  water  pressure  will  show  a  leak¬ 
ing  tube-end,  defective  caulking,  or  even  a  serious  fracture,  it 
serves  its  end  well ;  but,  should  the  boiler  not  show  these  defects, 
does  it  prove  that  after  the  boiler  has  been  subjected  to,  say  150 
pounds  pressure,  that  it  is  safe  at  100  pounds  working  pressure? 
If  so,  what  becomes  of  our  factors  of  safety — 5  and  0 — as  generally 
adopted  ?  Would  it  show  a  structural  weakness  that  a  thorough 
internal  examination  of  a  boiler  would  not  make  known  ?  The 
hydrostatic  test  will  assist  in  determining  the  condition  of  a  boiler 
if  applied  after  a  thorough  internal  examination  and  hammer- 
test  has  been  made. 

The  chief  inspector  of  a  county  in  another  State,  replying  to  a 
letter  on  this  subject,  stated  that  he  had  only  been  in  office  a  few 
months,  and  did  not  know  how  many  boilers  exactly  were  in 
his  territory,  and  advised  me  to  apply  to  the  Secretary  of  State 
for  the  laws  governing  the  work  ;  and  yet  we  have  explosions  of 
boilers  daily  throughout  the  country,  entailing  considerable  dam¬ 
age  to  property  and  a  deplorable  loss  of  life.  Professor  Thurs¬ 
ton,  some  years  ago,  declared  that  of  all  the  explosions  that  had 
occurred  less  than  1  per  cent,  were  of  steam  -generators  which 
were  under  inspection. 

The  demand  of  modern  engine  building  for  high-pressure 
boilers  is  fostering  the  sectional  and  water-tube  boilers,  many 
makes  of  which  are  giving  satisfactory  results,  and  perhaps  their 
more  rapid  adoption  is  retarded  by  reason  of  many  of  their  parts 
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being  of  cast  iron,  besides  the  multiplicity  of  joints  and  connec¬ 
tions,  also  objections  on  the  part  of  the  manufacturers  of  the  older 
types  and  the  usual  unwillingness  to  accept  something  new. 
Nevertheless,  the  horizontal  tubular  boiler  will  soon  be  a  steam- 
generator  of  the  past ;  being  externally  fired,  it  is  limited  in  thick¬ 
ness  of  sheets  and  consequently  in  diameter,  so  that  in  a  boiler  of 
this  type  the  pressure  and  power  is  limited.  This  furnishes  addi¬ 
tional  encouragement  for  boiler  manufacturers  to  turn  their  at¬ 
tention  to  the  making  of  more  perfect  sectional  boilers,  not  only 
for  stationary  purposes  but  for  marine  uses  also ;  for  instance  the 
boilers  of  the  “  St.  Louis  ”  and  “  St.  Paul.” 

I  call  your  attention  to  the  following  dimensions  of  the  boilers 
of  these  ships.  Each  ship  contains  ten  boilers,  six  of  which  are 
double-ended,  15'  74"  in  diameter  by  20'  long  and  containing 
furnaces  each;  the  other  four  are  single-ended,  of  the  same  dia¬ 
meter,  10'  6"  long,  with  only  four  furnaces, — making  a  total  of 
64  furnaces. 

The  weight  of  each  boiler,  exclusive  of  smoke-boxes  and  fit¬ 
tings,  being  206,500  pounds,  this  boiler  containing  112,000 
pounds  of  water  when  under  steam,  or,  summing  a  total — the 
weight  of  all  ten  boilers  including  water  in  each  is  16544  tons. 
It  is  unnecessary  to  speak  of  the  loss  of  so  much  valuable  ship 
space  occupied  by  these  steam-generators.  The  shell  plates  of 
these  boilers  are  of  lT9g  thickness,  which,  with  their  diameter,  per¬ 
mits  of  a  pressure  of  200  pounds  per  square  inch.  Neither  weight 
of  metal  nor  skill  and  strength  required  in  the  construction  of 
these  types  will  permit  this  pressure  to  be  exceeded.  We  there¬ 
fore  have  four  important  reasons  for  the  development  and  adop¬ 
tion  of  a  water-tube  boiler  for  marine  uses  :  first,  to  obtain  less 
weight  and  more  space ;  second,  less  first  cost  and  less  cost  of  re¬ 
pairs  ;  third,  economy  of  operation  in  the  development  of  high 
pressures  ;  and  lastly,  reducing  the  danger  of  explosions  to  a 
minimum. 

The  boilers  for  the  yacht  “  Alva,”  built  by  Harlan  &  Hollings¬ 
worth,  Wilmington,  Del.,  have  the  following  dimensions:  Dia¬ 
meter,  17'  by  10'  long;  thickness  of  shells,  1^-"  ;  heads,  ■£"  thick  ; 
tube-sheets,  f"  thick.  Number  of  tubes,  298,  34"  in  diameter, 
heating  surface  equalling  1736  square  feet ;  four  furnaces,  44"  in 
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diameter  by  6'  6"  loiig,«h eating  surface  equaling  196  square  feet; 
thickness  of  stay-tubes  about  threaded  with  nuts  on  ends; 
through  braces,  2  J"  in  diameter,  ends  enlarged  to  3§"  and  nutted  ; 
total  heating  surface  in  both  boilers  446  square  feet;  the  engines 


Yacht  “Alva”  Boiler. 

indicated  between  1200  and  1300  horse-power ;  pressure  allowed 
on  boilers,  100  pounds,  but  seldom  exceeded  80  ;  boilers  forced  all 
the  time  under  natural  draught ;  7-inch  water  space  between  back 
head;  screw-stays  with  nuts  If"  in  diameter,  did  not  burn  off 
usual  fuel,  bituminous  coal;  anthracite  when  obtainable;  grate 
surface  one  boiler,  95  square  feet; 
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In  turning  to  the  stationary  boilers,  a  wider  field  of  choice  is 
presented  for  higher  pressure,  as,  in  addition  to  the  water-tube 
type,  there  are  several  designs  of  internallv-fired  boilers.  From 
an  economical  standpoint,  there  is  little  difference  between  the 
two,  notwithstanding  the  claims  and  reports  of  efficiency  tests 
advanced  by  the  makers  of  patent  boilers.  There  are  but  so  many 
heat  units  in  a  pound  of  coal,  and  how  to  impart  this  heat  to  the 
making  of  steam  is  the  problem. 

It  would  seem  that  the  internally-fired  boiler,  properly  propor¬ 
tioned,  so  that  steam-making  heat  is  not  wasted  in  the  chimney, 
is  the  solution.  Again,  this  type  possesses  the  advantage  of  a 
large  disengaging  surface  and  plenty  of  steam  space,  and  can  be 
built  to  carry  a  working  pressure  as  high  as  there  will  ever  be 
necessity  for,  making  it  desirable  for  large  plants,  namely :  elec¬ 
tric  power-houses,  breweries,  water-works,  sugar  refineries,  etc. 

The  water-tube  boilers  necessarily  lose  considerable  heat  by 
reason  of  the  brick-work  setting,  which  latter  must  be  kept  in 
good  repair  or  the  loss  becomes  excessive,  while  the  disengaging 
and  steam  space  in  the  designs  to  date  is  believed  by  many  to  be 
a  detrimental  feature. 

I  introduce  at  this  point,  as  a  matter  of  comparison,  another 
reason  for  the  passing  away  of  the  old  types,  and  one  which  may 
in  a  measure  apply  to  the  internally-fired  boilers  just  now  referred 
to;  that  is,  the  cost  of  repairs.  When  a  defect  is  found,  it  often 
necessitates  half  rims,  new  sheets  in  fire-boxes,  removal  of  braces, 
screw-stays,  etc.,  and  frequently  the  tubes,  thus  naturally  increas¬ 
ing  the  actual  cost  of  repairing  the  boilers  to  a  considerable 
amount,  besides  enforcing  a  long  idleness  of  the  plant.  It  simply 
appalls  the  owner  of  an  establishment  when  compelled  to  shut 
down  and  lay  off  his  numerous  hands  for  the  time  being ;  whereas, 
if  he  had  a  water-tube  boiler,  all  sections  of  which  can  be  dupli¬ 
cated  at  short  notice,  the  saving  would  prove  more  by  far  than 
the  additional  first  cost  of  the  water-tube  type.  This  will  apply 
forcibly  to  marine  boilers.  The  modern  ocean-steamer,  represent¬ 
ing  a  million  and  a-half  of  capital,  must  lie  idle  at  a  dock  while 
putting  the  present  type  of  boilers  in  condition,  as  well  as  taking 
off  this  valuable  vessel  from  its  regular  service.  For  these  reasons 
our  boiler  manufacturers  must  revolutionize  their  business,  not 
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for  the  sake  of  economy,  which  is  the  false  battle-cry  offered  by 

•  • 

the  patent  boiler  people,  but  for  the  sake  of  higher  pressures,  and 
economy  of  keeping  in  serviceable  condition. 

Naturally,  the  feed-water  is  important.  To  permit  the  use  of 
pipe  boilers  where  the  water  is  impure,  methods  far  in  advance 
of  those  now  in  use  must  be  adopted.  This  is  a  question  that 
should  receive  more  careful  attention.  Water  should  be  made 
pure  by  filtration  and  chemical  treatment  before  it  goes  into  the 
boiler;  this  latter  is  a  wide  field  for  research,  and,  with  the  coming 
boiler,  a  profitable  one. 

Perhaps  it  would  prove  interesting  to  show  another  type  of 
internally-fired  boiler,  adopted  by  the  Calumet  and  Hecla  Mining 
Co.,  of  Michigan,  they  having  over  forty  in  use.  This  boiler  is 
known  as  the  Bellpaire  Fire-Box  Type. 

The  dimensions  of  the  one  shown  are :  Cylinder,  90"  in 
diameter;  length  of  boiler  over  all,  34'  4";  weight  of  boiler, 
80,000  pounds,  exclusive  of  fittings. 

Boiler  contains  two  fire-boxes,  connecting  into  one  so-called 
combustion  chamber,  after  which  the  heat  is  continued  through 
201  three-inch  tubes,  16'  long. 

The  shell-plates  are  of  f"  steel ;  plates  exposed  to  heat,  fire¬ 
box,  etc.,  are  of  4"  and  "  thickness.  The  extensive  staying 
and  bracing  necessary  is  a  noticeable  feature.  The  average 
pressure  is  180  pounds.  Bituminous  coal  and  wood  used  as  fuel. 

I  understand  this  type  of  boiler  was  adopted,  because  of  the 
excessive  vibration  from  the  ore-stamps  destroying  brick-work 
settings  of  other  designs. 

In  coming  directly  to  the  inspection  of  boilers  the  insurance 
agent  visiting  a  plant  rarely  finds  that  the  boilers  have  been 
gotten  into  proper  condition  to  permit  of  a  thorough  examina¬ 
tion.  Too  often  the  steam-user  is  loath  to  spare  the  necessary 
time  for  the  boiler  to,cool  properly,  and  be  cleaned  out.  The 
inspector  then  is  confronted  by  a  disagreeable  task.  The  boiler, 
being  excessively  hot,  limits  the  time  he-  can  stay  in  it,  while 
what  is  termed  the  combustion  chamber  contains  two  or  three 
feet  of  dust  and  ashes,  grate-bars  not  being  removed  ;  in  fact, 
all  that  has  been  done  is  the  emptying  of  the  boiler  and  the  taking 
out  of  the  man -hole  plates.  Too  many  owners  of  manufacturing 
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establishments  do  not  take  the  interest  in  these  particulars  that 
is  demanded;  it  follows  to  their  disadvantage,  meaning  to  them 
a  waste  of  fuel  and  loss  of  power,  by  reason  of  failure  to  remove 
the  scale,  while  defects  are  liable  because  of  the  hasty  emptying 
of  the  boilers  before  the  walls  are  cooled. 

Assuming  that  the  boiler  has  been  gotten  in  good  shape  for 
examination,  the  inspector  will  possibly  find  the  following,  which 
are  the  more  common  ills  that  steam  generators  are  heir  to: 

Internally. — Corrosion,  the  different  forms  of  which  may  be 
termed  uniform  wasting,  pitting  or  honeycombing,  and  grooving. 
Uniform  corrosion  is  found  where  the  circulation  is  most  rapid. 
I  have  inspected  numerous  two-flue  boilers  in  southwestern 
Pennsylvania,  where  almost  every  stream  is  polluted  with 
sulphur-water,  pumpings  from  mines,  in  which  the  sides  of  the 
flues,  as  well  as  the  sides  of  the  shell  at  the  front  ends,  are  as 
may  be  termed  “  washed  away,”  yet  unnoticeably,  and  only  to 
be  detected  by  the  hammer. 

In  other  parts,  such  aS  the  extreme  rear  end,  and  in  mud- 
drums,  or  in  the  water-legs  of  locomotive  type  boilers,  the  pitting 
and  honeycombing  take  place,  to  better  illustrate  which  I  have 
two  specimen  plates.  This  latter  defect  is  so  apparent  as  to  be 
readily  discovered,  thus  preventing  serious  results. 

The  most  serious  form  of  corrosion  is  that  which  attacks  the 
plates  along  the  water-level,  forming  a  continuous  line  of  weak¬ 
ness,  to  which  a  number  of  explosions  have  been  traced.  It  is 
unnecessary  to  add  that  all  this  is  due  to  acids  in  the  feed-water, 
the  only  remedy  of  which  is  to  change  the  supply  to  pure  water. 
I  recall  an  instance  in  the  Connellsville  coke  region,  where  the 
Youghiogheny  River  became  so  low  during  the  dry  season  as  to 
uncover  the  ends  of  the  water  pipes,  and  the  pumpings  direct 
from  the  mines  had  to  be  used  in  the  boilers;  to  neutralize  the 
effects  of  the  acids,  lime  was  mixed  with  the  water  pumped  into 
the  boilers.  It  was  thought  necessary  to  do  this  every  other 
day  until  the  river  had  again  risen,  at  which  time  inspection 
proved  that,  with  the  exception  of  some  light  pitting  on  the 
bottom  rear  plate  around  the  blow-off,  the  boilers  were  not 
injured  ;  while,  at  another  plant,  the  use  of  the  direct  pumpings 
from  the  mines,  without  this,  treatment,  practically  destroyed  the 
boilers  in  ten  days. 
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It  is  more  difficult  to  detect  external  corrosion  than  internal, 
as  it  usually  takes  place  where  the  boilers  are  bricked-in  at  the 
fire-line,  or  on  the  top  plates  where  the  boilers  are  also  covered 
by  the  brick-work. 

Frequently,  grooving  is  found  along  the  girth-seams  along  the 
bottom ;  this  is  often  due  to  the  caulking  leaking,  which  is  not 
noticeable  when  the  boiler  is  not  in  use.  Often,  in  long  cylinder 
boilers,  the  leaks  are  occasioned  by  the  lower  parts  being  sub¬ 
jected  to  heat,  while  the  upper  parts  are  exposed  to  the  atmos¬ 
phere,  thus  causing  unequal  expansion,  or,  in  heavier  boilers, 
the  double  thickness  at  the  laps  springing  the  caulking. 

The  inspector,  in  looking  over  the  older  boilers,  expects  to  find 
these  groovings,  the  primary  cause  being  often  in  the  use  of  what 
is  known  as  a  split  caulking  tool,  creating  a  groove  by  breaking 
the  skin  of  the  metal. 

Another  frequent  discovery  is  buckled  or  bagged  sheets,  the 
result  of  neglect  in  keeping  boilers  properly  cleaned.  A  quantity 
of  scale  accumulating  on  the  sheet  over  the  fire,  to  which  point 
it  is  carried  by  the  circulation  of  the  water  in  the  boiler,  becomes 
hardened,  causing  the  sheet  to  overheat  under  it  and  push  down 
from  pressure.  In  an  iron  boiler,  this  has  been  attended  by 
ruptures.  In  a  steel  boiler,  the  buckles  of  this  form  can  become 
very  deep,  becoming  thinner  at  the  lowest  point  until  a  small 
hole  creates  a  leak.  I  have  never  known  an  accident  to  happen 
from  a  bulge  in  a  steel  boiler,  where  the  boilers  could  not  at  once 
be  taken  off  when  the  bulge  was  first  discovered.  They  have 
been  carefully  watched  until  they  came  down  to  a  depth  of  six 
inches  before  the  leak  was  noticed.  The  defect  is  then  usually 
repaired  by  putting  on  a  new  half  rim  or  patching. 

A  less  serious  defect,  but  one  frequently  found,  is  in  the  laps 
exposed  to  the  greatest  heat  or  directly  over  the  fire ;  these  are 
cracks  extending  from  the  edge  of  sheet  to  the  rivet  hole.  This 
is  too  often  attributed  to  the  double  thickness  of  metal.  My 
experience  has  been  that,  in  the  majority  of  cases,  it  is  due  to 
the  holes  not  coming  fair,  causing  defective  riveting ;  and  again, 
by  the  rims,  when  they  are  put  together  at  the  shop  not  fitting 
closely,  the  hammering  by  heavy  sledges  to  draw  them  together, 
or,  in  other  words,  peaning  of  the  edge  of  the  plates.  If  these 
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cracks  are  not  discovered  in  time  they  will  extend  back  of  the 
rivet-holes  into  the  solid  plate;  the  condition  then  becomes  more 
serious.  It  is  not  always  advisable  to  put  on  a  patch,  so  that  the 
crack  is  sometimes  stopped  by  drilling  a  hole  at  the  end  of  it 
and  putting  in  a  rivet  or  copper  plug. 

A  very  important  consideration  is  the  proper  condition  of 
what  is  termed  the  trimmings  of  the  boiler,  including  safety- 
valves,  blow-off-pipes,  feed-pipes,  water  gauges,  water  columns, 
with  their  necessary  valve  fittings.  I  can  say  with  positive 
knowledge  that  this  work  is  too  often  carelessly  done. 

Of  boiler  losses  coming  directly  to  my  notice  in  the  past  four 
years,  every  one,  with  a  single  exception,  has  been  caused  by  the 
bursting  of  pipes  or  the  blowing  out  of  same  where  they  were 
connected  to  the  boilers.  While  not  doing  much  propert}T  dam¬ 
age  these  accidents  usually  result  in  scalding  those  in  the  vicinity. 

DISCUSSION. 

John  I.  Codman. — There  are  two  points  in  connection  with 
this  subject  that  should  come  under  the  inspector’s  work.  First, 
is  the  evaporative  power,  or,  as  commonly  expressed,  the  horse¬ 
power  of  the  boiler.  This  is  often  stated  at  figures  which  can 
only  be  attained  under  the  most  favorable  conditions,  and  to  get 
the  promised  results  it  is  necessary  to  fire  the  boiler  beyond 
the  limits  of  safety.  The  second  is  the  grossly  exaggerated  re¬ 
sults  claimed  in  evaporating  efficiency.  I  shall  only  discuss  the 
latter  condition  this  evening. 

Boiler  manufacturers,  to  meet  the  close  competition  of  the  • 
present  day  and  impress  strongly  upon  the  mind  of  the  pur¬ 
chaser  the  many  merits  of  their  several  forms  of  steam-generators, 
often  publish  some  remarkable  evaporative  tests.  The  principal 
aim  of  these  tests  is  to  show  how  many  pounds  of  water  can 
be  evaporated  from  and  at  212°  F.  per  pound  of  combustible. 
Nothing  else  is  given  so  large  a  place  in  the  relative  merits  of 
the  generator  as  this  item.  Nothing  is  often  mentioned  about 
the  methods  of  firing  or  the  skill  of  the  fireman,  the  suitability 
of  the  generator  for  absorbing  the  products  of  combustion  or  its 
adaptability  for  the  complete  combustion  of  the  kind  of  coal  used 
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to  produce  the  best  results.  It  is  a  known  fact  that  certain  forms 
of  steam-generators  are  particularly  popular  in  some  sections, 
and  new  forms  and  designs  make  no  headway.  These  are  not 
mere  matters  of  chance,  but  result  from  the  hard  facts  of  practical 
experience.  When  investigating  the  merits  of  a  boiler  plant  the 
purchaser  is  visited  by  agents  from  the  various  manufacturers 
and  the  great  evaporating  results  of  the  several  generators  are 
impressed  upon  his  mind  by  the  display  of  a  number  of  tests  in 
which  the  pounds  of  water,  the  pounds  of  combustible,  are  so 
persistently  pounded  into  him,  together  with  dry  steam,  water 
tubes  and  steel  shells,  that  he  is  at  a  loss  td  know  what  he  is 
buying. 

I  desire  to  call  your  attention  to  some  of  the  remarkable  tests 
published  in  a  pamphlet  or  catalogue  which  I  have  with  me. 

This  boiler,  it  is  stated,  will  evaporate  from  11.08  to  12.90 
pounds  of  water  for  each  pound  of  coal.  There  is  no  deduction 
made;  it  is  simply  a  plain  statement —  11.08  to  12.96  pounds  of 
water  per  pound  of  coal  consumed.  In  this  pamphlet  eight  tests 
are  given,  varying  from  11.98  to  14.66  pounds  of  water  evapo¬ 
rated  from  and  at  212°  F.  per  pound  of  combustible,  one  of  which 
is  stated  as  follows:  time  of  test,  ten  (10)  hours;  kind  of  fuel, 
anthracite  egg- coal ;  pounds  of  water  evaporated  from  and  at 
212°  F.  per  pound  of  coal,  12.756  ;  pounds  of  water  evaporated 
from  and  at  212°  F.  per  pound  of  combustible,  14.66.  The  total 
heat  in  one  pound  of  anthracite  coal,  reduced  to  fuel  free  from 
ash,- is  given  as  14,509  B.  T.  U.  The  total  heat  contained  in  one 
pound  of  water  at  212°  F.  is  965.8  B..  T.  U.  Dividing  the  14.506 
by  965.8,  we  obtain  15.02  pounds,  which  is  only  0.36  pounds  more 
than  is  given  in  the  catalogue.  The  test  of  boilers  at  the  Cen¬ 
tennial  Exhibition  in  1876  show  that  not  quite  80  per  cent,  of 
the  heat  in  the  coal  was  found  in  the  steam.  The  figures  given 
are  absurd,  and  tend  to  discredit  boiler-tests  that  are  correct. 

There  is  one  thing  more.  I  would  like  to  call,  if  I  have  time, 
your  attention  to  a  boiler-test  that  has  been  criticised  as  an  incor¬ 
rect  result.  The  results  were  obtained  by  three  different  trials  of 
the  boiler.  Objection  was  made  to  the  amount  of  unconsumed 
carbon  remaining  in  the  waste-product  and  deducted  from  the 
total  amount  of  coal  weighed,  and  the  remainder  estimated 
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as  pounds  of  combustible,  from  which  the  boiler  duty  was 
computed. 

I  wish  to  say  that,  with  some  designs  of  boilers  and  certain 
grades  of  coal,  this  can  be  done  to  a  limited  extent,  and  the 
results  obtained  are  a  gain  in  power  and  evaporation ;  in  other 
words,  you  reject  a  part  of  the  carbon  in  the  coal,  and  obtain  re¬ 
sults  that  are  profitable.  I  will  put  the  figures  upon  the  board, 
as  shown  by  the  different  tests.  The  first  trial  of  the  boiler  was  a 
ten-hour  trial ;  the  coal  burned,  6,026  pounds ;  waste,  23  per 
cent.  ;  draught,  £  of  an  inch  of  water ;  pounds  evaporated  from 
and  at  212°  F.  per  pound  of  combustible,  10.04;  horse-power 
developed,  135;  cleaned  fires  twice  during  the  test. 

On  the  second  trial,  ten  hours  :  coal  burned,  6,433 ;  draught,  J 
of  an  inch ;  water  evaporated  per  pound  of  combustible  was  10.62 ; 
the  horse-power  was  increased  to  144;  the  waste  in  that  case  was 
24.6  per  cent. ;  cleaned  fires  three  times  during  the  test. 

The  third  trial  with  coal  burned,  7,023  pounds ;  draught  in¬ 
creased  to  £§•  of  an  inch;  waste,  32  per  cent.;  pounds  evaporated 
per  pound  of  combustible,  11.91;  horse-power  developed,  164 ; 
fires  cleaned  four  times  during  the  run,  that  is,  every  2.5  hours; 
time  consumed  in  cleaning  fires  was  2  minutes. 

The  coal  used  was  Schuylkill  pea-coal,  a  good  selected  class  of 
coal.  In  the  analysis  of  that  coal  there  was  15  per  cent,  ash  and 
5  per  cent,  of  water,  J  of  1  per  cent,  sulphur,  9.50  per  cent, 
volatile  matter,  70  per  cent,  fixed  carbon,  making  100  per  cent. 

The  15  per  cent,  ash  and  5  per  cent,  of  water,  making  20  per 
cent,  which  contained  no  heat,  are  taken  from  the  1 00  per  cent., 
leaving  80  per  cent,  of  combustible,  of  which  the  fixed  carbon  is 
equal  to  87.5  per  cent.,  and  the  volatile  matter,  10  per  cent. 

There  are  15,660  heat  units  in  the  carbon  ;  20  per  cent,  of  that 
is  taken  out  for  waste  and  water;  87.5  of  the  remainder  is 
10,962  heat  units  remaining  in  the  carbon,  from  which  is  also  to 
be  deducted  the  heat  units  wasted  in  the  third  trial  in  the  rejected 
carbon,  amounting  to  822,  leaving  10,140  heat  units.  The  vola¬ 
tile  products,  I  find  to  contain  21,700  heat  units  per  pound,  10  per 
cent,  of  which  is  2170,  added  to  the  10,140  —  12,310,  as  the  total 
heat  units  available  per  pound  of  coal,  or,  reduced  to  fuel  free  from 
ash,  15,400  heat  units,  to  evaporate  11.91  pounds  of  water  from 
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and  at  212°  F.  The  gain  in  evaporation  over  the  first  trial  was 
187  pounds  of  water,  or  18  per  cent.  The  gain  in  horse-power 
was  29,  or  21  per  cent. 

James  Christie. — Are  we  to  understand  from  Mr.  Hartley’s  re¬ 
marks,  that  he  favors  the  water-tube  boiler  for  marine  service 
Are  there  ships  now  using  the  water- tube  boiler  to  manifest 
advantage  ? 

There  is  one  reason  why  boilers  may  sometimes  generate  steam 
more  economically,  under  the  conditions  described  by  Mr.  <  ’od- 
man.  That  is  when  the  rate  of  combustion  is  relatively  slow — 
or  the  grate  surface  unduly  large  in  proportion  to  the  evaporat¬ 
ing  surface — there  is  usually  an  excessive  quantity  of  air  passing 
through  the  grate,  in  some  cases  nearly  double  the  amount  actu¬ 
ally  required  to  maintain  complete  combustion.  On  the  contrary, 
with  more  rapid  combustion,  and  a  proper  ratio  of  grate  to 
heating  surface,  the  quantity  of  unused  air  passing  with  the  burnt 
products  is  considerably  reduced. 

This,  however,  is  not  always  true,  as  I  know  of  instances  where 
more  water  was  evaporated  per  unit  of  fuel  consumed,  when  the 
boiler  was  working  at  half  its  nominal  capacity,  than  when  at 
full  capacity.  I  desire  to  commend  Mr.  Hartley's  illustration  of 
a  good  method  of  boiler  setting.  The  boiler  should  be  suspended 
so  as  to  be  relieved  as  much  as  possible  of  local  strains  resulting 
from  improper  methods  of  suspension. 

It  should  also  be  supported  on  rigid  iron  framing,  independent 
of  the  brick-work,  the  latter  forming  merely  a  casing  but  not  a 
support.  The  method  of  inserting  the  feed-water  is  an  important 
consideration,  especially  with  impure  water.  The  water  should 
discharge  at  a  point  that  will  favor  the  final  settlement  of  deposit 
close  to  the  blow-off,  and  coolest  part  of  the  boiler.  I  know  of  cases 
where  a  simple  change  in  the  feed  pipe  changed  the  largest  de¬ 
posit  from  the  front  to  the  rear  end  of  the  boiler  shell. 

Henry  Leffmann. — In  reference  to  the  question  just  raised 
I  wish  to  state  that  certain  materials  common  in  natural  waters 
become  insoluble  when  the  water  is  heated,  even  though  there  is 
no  evaporation ;  thus  many  of  the  carbonates  are  held  in  solu¬ 
tion  by  the  presence  of  carbonic  acid,  and  when  this  passes  off 
by  the  action  of  the  heat  excess  of  these  carbonates  are  deposited. 
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Other  salts  are  less  soluble  in  hot  than  in  cold  water ;  thus  it  is 
usually  stated  in  the  text-books  that  calcium  sulphate  (sulphate 
of  lime)  is  insoluble  in  very  hot  water.  Slaked  lime  is  less  soluble 
in  hot  than  in  cold  water,  and  clear  lime-water  will  become 
milky  on  heating.  The  formation  of  scale,  therefore,  is  inde¬ 
pendent  of  evaporation,  although,  of  course,  evaporation  increases 
the  deposit. 

I  would  also  like  to  call  attention  to  the  fact  that  there  may 
be  marked  corrosion  without  the  presence  of  any  acid  in  the 
water  except  carbonic  acid.  Very  pure  waters  may  be  markedly 
corrosive;  air  for  instance,  that  is,  oxygen,  is  always  present  in 
solution  in  natural  waters,  and  may  cause  corrosion  at  the  point 
at  which  the  cold  water  enters  the  boiler.  This  seems  to  be 
specially  true  when  the  amount  of  mineral  matter  in  the  water 
is  such  as  to  form  very  little  deposit ;  a  distinct  deposit  will,  in  a 
measure,  protect  the  iron. 

Some  years  ago  considerable  trouble  was  experienced  in  the 
locomotive  boilers  of  one  of  the  large  trunk  lines.  Dr.  Wm. 
Beam,  who  wras  chief  chemist  of  the  road,  found  that  the  corro¬ 
sion  was  produced  by  some  of  the  purest  waters  supplied  on  the 
line.  The  same  effect  is  noticed  with  regard  to  lead  pipes  ;  very 
pure  waters  are  more  dangerous,  as  a  rule,  than  waters  which 
abound  in  mineral  matter,  as  the  latter  coat  the  lead  pipes  with 
an  insoluble  deposit. 

I  wish  to  refer  to  a  point  which  has  merely  incidental  relation 
to  this  matter  under  discussion,  and  that  is,  that  in  the  February 
number  of  Cassier’s  3Iagazine  will  be  found  an  account  of  some 
Pompeian  boilers  for  culinary  purposes,  constructed  on  the 
water- tube  system. 

Mr.  Hartley,  replying  to  questions  asked  during  the  dis¬ 
cussion  said : — In  reference  to  the  question  as  to  where  the 
feed-pipe  should  enter  the  boiler,  I  will  say  that  I  do  not  think 
this  materially  affects  the  collection  of  loose  scale  and  sediment 
in  the  boiler  directly  over  the  grates,  as  that  is  caused  by  the  cir¬ 
culation  of  the  water  in  the  boiler.  It  is  important  that  the 
feed-water  should  be  discharged  into  the  coolest  place  in  the 
boiler.  If  the  water  be  discharged  directly  over  the  tubes  at  the 
rear  end,  it  will  precipitate  the  scale-forming  matter  and  constitute 
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what  is  termed  mud-scale.  I  believe  the  feed-pipe  should  enter 
through  the  front  head,  extend  hack  about  two-thirds  the  length 
of  the  boiler,  and  be  turned  down  so  that  the  water  will  dis¬ 
charge  in  the  body  of  water  under  the  tubes  in  the  vicinity 
of  the  blow-off-pipe.  I  do  not  think  the  circulation  of  the  water 
in  the  boiler  will  take  the  scale  off  the  tubes.  In  the  vicinity  of 
Pittsburgh,  a  number  of  manufacturing  establishments  use  inside 
the  boiler  a  goose-neck  arrangement  which  discharges  the  water 
into  a  steam  space.  I  did  not  approve  of  this  method  ;  in  every 
instance  it  meant  a  heavv  coating  of  scale  on  the  tubes  directlv 
under  the  discharge. 

I  know  of  a  number  of  ships  fitted  with  water-tube  boilers.  I 
understand  the  U.  S.  cruiser  “Chicago  ”  is  now  being  fitted  with 
them.  The  ocean  steamship  “Grand  Duchess,”  recently  completed 
for  the  Plant  Line  of  New  York,  is  equipped  with  water-tube 
boilers ;  their  adoption  in  preference  to  the  Scotch  type  has  saved 
30o  tons  in  weight.  They  are  somewhat  similar  to  the  Heine 
boilers ;  the  only  difference  is  in  the  arrangement  of  the  steam 
drums.  In  the  Heine  boilers  the  drums  run  parallel  with  the 
tubes. 
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STEEL  AS  VIEWED  BY  THE  ENGINEER. 

By  P.  Kreuzpointner,  Altoona,  Pa. 

Read,  February  20,  1897. 

If  I  understand  rightly  I  am  to  offer  three  propositions  for 
your  discussion  and  consideration. 

First.  AVhat  kind  of  steel  does  the  engineer  want? 

Second.  Having  decided  on  a  given  kind,  in  what  condition 
should  the  steel  be  for  maximum  serviceableness  ? 

Third.  Which  are  the  most  approved  means  and  methods  to 
determine  the  proper  quality  of  a  given  grade  of  steel  intended 
for  a  given  purpose  ? 

Steel  being  an  alloy  of  iron  and  other  elements,  chief  of  which 
is  carbon,  then,  according  to  the  percentage  of  these  elements 
present,  steel  is  harder  or  softer,  ductile,  tough  or  brittle.  These 
qualities  are  produced  by  the  nature  of  the  individual  crystals, 
which  go  to  make  up  the  structure  of  steel  in  its  compact  mass. 
Thus  then,  it  is  the  behavior  of  each  individual  crystal,  supposed 
to  be  composed  of  an  unknown  quantity  of  infinitely  small  par¬ 
ticles  or  molecules,  which,  in  the  aggregate,  by  virtue  of  their 
numbers,  produce  what  we  conveniently  call  the  properties  of 
steel,  and  since  these  properties  vary  in  degree,  but  not  in  kind, 
according  to  chemical  composition  and  mechanical  treatment, 
one  kind  of  steel  is  better  qualified  for  a  certain  purpose  than 
another  kind,  and  thus  different  qualities  are  established. 

Hence  we  distinguish  between  the  qualities  of  dead  soft,  soft, 
middling  hard,  and  hard,  although  these  different  qualities  or 
grades  have  the  same  properties. 

Quality  then  in  steel  is  a  function  of  properties  of  greater  or 
less  intensity,  produced  or  induced  by  the  combined  physical 
behavior,  or  action  and  reaction,  of  the  molecules  forming  the 
individual  crystals.  It  is  well  to  bear  this  distinction  in  our 
minds  because,  when  we  come  to  determine  the  methods  to 
ascertain  the  quality,  or  suitableness,  of  a  given  grade  of  steel  for 
a  given  purpose,  or  ascertain  the  cause  of  a  certain  defect,  it  is 
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often  found  that  the  study  of  the  configuration  and  grouping  of 
the  crystals  of  steel  is  essential  to  the  formation  of  a  conclusion. 

t / 

Steel,  however,  is  not  made  up  of  crystals  entirely.  There  is  a 
softer, amorphous  mass  of  carbonized  iron  of  indefinable  character 
and  varying  proportions,  so  that  we  really  have  a  mass  of  crystals 
embedded  in  a  matrix,  as  Osmond  calls  it,  of  softer  material. 

Osmond,  Martens,  Sorby,  Wedding,  Arnold  and  others  claim 
that  there  are  four  or  five  different  substances,  forming  the  mass 
of  steel. 

However,  for  our  purpose  here  to-night  we  assume  two  main 
elements  and  will  not  attempt  an  explanation  of  Perlite,  Fer¬ 
rite,  Martensite,  Sorbite  and  Cementite. 

In  these  sketches,  which  are  copies  from  a  paper  read  by 
Prof.  J.  0.  Arnold,  of  Sheffield,  on  the  “  Influence  of  Carbon  on 
Iron,”  we  can  see  how  the  crystalline  portion  of  steel  increases 
with  increase  of  carbon,  until  it  reaches  the  saturation  point  with 
about  0.9  of  carbon,  according  to  Prof.  Arnold. 


No.  3.  Steel  Normal. 


No.  4.  Steel  Normal. 


Influence  of  Carbon  on  Iron. 
Prof.  J.  o.  Arnold. 


No.  1.  Steel  Normal. 


No.  2.  Steel  Normal. 
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The  black  portions  represent  the  harder  crystals,  while  the 
white  indicate  the  proportion  of  softer  matrix.  It  is  clear  that, 
as  the  harder  crystalline  portion  increases,  the  steel  increases  in 
strength  and  proportionately  loses  in  ductility.  It  is  practically 
more  plainly  and  comprehensively  illustrated  in  this  piece  of 
steel  here,  which  was  heated  to  nearly  the  fusing  point  at  one 
end,  and  at  the  other  end  it  represents  the  natural  steel.  In  this 
piece,  not  more  than  an  inch,  you  will  notice  on  one  side  the 
crystalline  structure,  and  on  the  other  end  it  is  becoming  entirely 
amorphous,  showing  in  how  short  a  space  the  structure  of  steel 
changes.  Here  you  have  the  amorphous  structure  on  one  end 
and  the  granular  structure  on  the  other.  You  will  see,  moreover, 
the  effect  on  the  structure  in  breaking  off  the  piece.  It  was 
nicked  first  all  around,  and  broken  cold. 

And  let  me  right  here  call  your  attention  to  a  very  common  error, 
one  that  seems  to  be  gaining  ground  among  engineers ;  namely,  to 
screw  up  the  requirements  for  elongations  in  harder  materials. 
Just  as  a  race-horse  cannot  be  made  to  do  the  work  of  a  draft- 
horse,  nor  the  draft-horse  that  of  the  race-horse,  so  can  we  not 
expect  the  higher  strength  of  the  harder  steel  and  the  greater 
ductility  of  the  softer  steel  to  go  together.  Not  only  is  the  pro¬ 
portion  of  stiffening  material  greater  as  the  steel  increases  in 
strength,  but  the  individual  crystals  themselves  will  be  harder  in 
a  sound,  good  piece  of  steel. 

Hence,  if  the  engineer  tries  to  circumvent  the  laws  of  nature  in 
this  respect  in  his  specification  he  simply  invites  the  steelmaker 
to  exercise  his  ingenuity  how  to  furnish  him  a  second-class 
material  for  a  first-class  price.  What  the  engineer  wants  is  a 
metal  of  sufficient  strength  to  do  the  work  intended  ;  of  sufficient 
ductility  to  sustain  either  innumerable  small  bends  or  stretches, 
without  distress,  or  a  small  number  of  maximum  bends  or  stretch¬ 
ings,  but  above  all,  the  engineer  wants  a  sufficiently  high  elastic 
limit  to  guard  his  structure  from  being  carried  beyond  it  at  any 
time,  because  straining  a  structure  beyond  the  elastic  limit  means 
a  new  grouping,  a  new  configuration  of  the  crystals,  in  fact  new 
conditions  in  the  structure  of  the  steel  of  a  kind  for  which  the 
engineer  originally  has  not  calculated  nor  bargained. 

In  short,  with  the  passing  of  the  elastic  limit  and  the  establish¬ 
ment  of  a  permanent  set,  without  a  corresponding  modification 
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of  the  stresses,  the  element  of  chance  begins  to  take  a  leading  part 
in  determining  the  further  safety  of  a  structure,  and  this  element 
of  chance  increases  in  proportion  as  our  methods  of  testing,  or 
our  knowledge  of  the  properties  of  steel,  are  defective. 

Having  decided  on  the  grade  of  steel,  it  is  by  no  means  a  matter 
of  indifference  in  what  condition  the  engineer  receives  the  steel 
for  which  he  has  contracted.  Steel,  like  any  other  kind  of  mate¬ 
rial,  may  be  good,  bad  or  indifferent. 

Permit  me  to  quote  a  portion  of  my  contribution  to  the  discus¬ 
sion  of  Mr.  P.  A*.  Hadfield’s  paper  on  “  Alloys  of  Iron  and  Chro¬ 
mium,”  which  he  read  before  the  Iron  and  Steel  Institute  of 
Great  Britain,  at  the  Spring  meeting  of  1892,  and  which  he  very 
kindly  invited  me  to  discuss.  I  said  : 

Three  essential  conditions  determine  the  fitness  of  steel  for  a 
given  purpose. 

First.  Freedom  from  oxides,  slag,  blowholes  or  any  defects 
which  tend  to  impair  the  continuity  of  the  structure,  and  conse¬ 
quently  that  most  intimate  adhesion  of  the  individual  particles 
or  crystals  which  imparts  to  a  metal  maximum  resistance  to 
rupture. 

Second.  The  degree  of  difference  existing  in  the  nature  of  the 
two  bodies,  which,  as  is  now  recognized  by  the  highest  author¬ 
ities  on  physical  metallurgy,  make  up  the  mass  of  steel,  the  crys¬ 
talline  and  harder  portion  and  the  amorphous  or  softer  portion  ; 
this  degree  of  difference  in  hardness,  or  softness  of  the  respective 
bodies,  and  the  predominance  of  one  over  the  other,  determining 
the  “  wear  and  tear  ”  of  steel  to  a  great  extent. 

Third.  The  hardness  or  softness  of  the  individual  particles  of 
steel ;  the  degree  of  hardness  determining  the  greater  or  less  re¬ 
sistance  of  each  individual  particle  or  crystal  to  crushing  of 
change  of  form,  through  the  stresses  applied. 

The  evil  effects  of  blowholes,  oxides  and  foreign  matter  in  steel 
are  so  well  known  that  nothing  need  be  said  here. 

Of  the  second  condition  named, the  relative  differences  of  hard¬ 
ness,  or  softness  of  the  two  bodies  forming  the  steel — we  have  as 
yet  no  tangible  measure  wherein  this  difference  consists,  though 
that  there  is  a  difference  we  can  see  plainly  on  the  creased  and 
marred  surfaces  of  a  polished  test-piece. 

That  the  predominance  of  the  amorphous  body,  or  “  matrix 
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or  vice  versa,  has  a  good  deal  to  do  with  the  behavior  of  steel, 
even  the  superficial  observer  will  admit. 

The  crystals,  their  hardness  and  number,  determine  the  strength 
of  steel,  and  if  they  are  wanting  we  have  a  metal  of  low  strength, 
inferior  elasticity  and  high  ductility;  the  metal’ will  set  and  flow 
easily  under  stress.  On  the  other  hand,  if  the  hardness  of  the 
matrix  approaches  that  of  the  crystals,  without,  however,  assum¬ 
ing  the  character  of  the  latter,  then  we  have  a  stiffer  metal  with 
still  good  ductility.  In  this  case  the  crystalline  portion  of  steel, 
in  its  efforts  to  resist  rupture,  receives  greater  support  from  the 
matrix  with  a  resulting  higher  resilience  and  “  staying  quality  ” 
of  the  steel.  AVhen  the  matrix  is  very  soft  there  appears  to  be 
maximum  local  contraction ;  when  the  matrix  is  harder  there 
appears  to  be  more  uniform  stretching  all  over  the  body  of  the 
metal  with  the  same  ultimate  strength  and  total  elongation. 
Carrying  this  analogy  to  the  extreme,  we  may  imagine  steel  to 
be  entirely  devoid  of  crystals  and  all  amorphous,  or  matrix,  yet 
possessing  greatest  hardness,  giving  the  porcelain  fracture  of  tung¬ 
sten  steel,  and  having  a  fair  degree  of  ductility. 

Now,  let  me  attempt  to  explain  the  third  condition  named 
above.  Often  we  find  two  pieces  of  steel  of  the  same  class,  hav¬ 
ing  the  same,  or  nearly  the  same,  ultimate  strength  and  elonga¬ 
tion,  to  be  structurally  different.  If  nothing  else,  the  surface  of 
the  test-piece,  after  rupture,  indicates  such  a  difference. 

The  surface  of  one  test-piece  may  appear  creased,  while  the 
other  has  a  velvety  appearance.  The  fractured  surfaces  also 
show  a  difference.  In  one  case,  the  crystals  evidentl}r  were 
crushed  by  the  stress  applied;  in  the  other  case,  they  were  not. 
If  both  the  crystals  and  matrix  are  soft  and  easily  crushed,  but 
the  matrix  is  comparatively  hard,  we  have  a  steel  of  fair  ultimate 
strength  but  inferior  elasticity.  If  the  crystals  are  hard  and 
large,  and  the  matrix  soft,  we  have  a  metal  of  good  elasticity, 
provided  the  crystals  are  numerous  enough,  the  strength  will  be 
high,  elongation  fair,  and  contraction  of  area  disappointing  to 
those  who  pin  their  faith  on  this  deceptive  quality  measure. 

If  both  crystals  and  matrix  are  too  hard,  we  have  a  brittle 
metal  that  may  show  up  all  right  in  tensile  and  bending  test, 
but  will,  nevertheless,  give  bad  service  because  of  the  liability  to 
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cracking.  If  the  crystals  are  very  small  and  hard,  and  the  ma¬ 
trix  middling  hard,  we  have  a  metal  of  superior  quality  and 
serviceableness. 

You  may  call  this  mere  speculation,  if  you  please,  and  in  a 
measure  it  is  speculation,  because  of  our  inability  to  produce 
quantitative,  and  tangible  proof  for  the  conditions  described  ; 
but,  before  you  denounce  it  all  as  worthless  speculation,  you  will 
have  to  deny  certain  every-day  facts,  which  may  be  and  are  ob¬ 
served  by  those  who  have  the  opportunity  to  test  and  examine 
large  masses  of  steel  of  various  grades  from  various  makers,  or 
made  by  the  same  maker  at  different  times,  when  new,  and  the 
same  metal,  when  old,  broken  and  worn  out.  Much  can  be 
learned,  many  of  the  so-called  mysteries  of  steel  can  be  plausibly 
explained,  if  not  proven,  if  we  are  able  to  follow  a  piece  of  steel 
from  the  cradle  to  the  grave;  if  we  can  make  close  connection , 
as  it  were,  with  the  train  of  evidence  and  phenomena  going  in 
another  direction. 

However,  the  engineer  not  only  wants  a  steel  of  the  favorable 
conditions  described ;  of  high  primitive,  that  is,  natural  elasticity, 
fair  strength  and  elongation,  uniformity  of  structure,  physically 
as  well  as  chemically,  that  is,  the  chemical  elements  uniformly 
distributed,  and  the  individual  particles  of  uniform  hardness, 
size,  and  stress  resisting  configuration  ;  he  not  only  wants  maxi¬ 
mum  cohesion  between  the  particles,  but  he  also  wants  the 
structure  of  the  steel  free  from  internal  stresses. 

Probably,  a  good  many  cases  of  so-called  mysterious  failures 
are  due  to  the  internal  stresses,  or,  as  Mr.  H.  K.  Landis  calls 
them,  residual  stresses,  remaining  in  the  steel  from  improper 
treatment. 

The  researches  of  James  Howard,  of  the  Watertown  Arsenal, 
of  Martens,  Chernoff,  Bauschinger,  and  others,  have  not  only  ex¬ 
perimentally  proved  the  presence  of  such  stresses,  but  the  great 
school  of  experience  and  that  invaluable  teacher,  comparative 
knowledge,  give  us  ample  evidence  from  time  to  time  of  the  inju¬ 
rious  presence  of  internal  stresses. 

The  sudden  and  unexpected  cracking  of  iron  and  steel  casting 
without  apparent  cause,  is  quite  well  known,  and  understood  to 
be  due  to  shrinkage  and  molecular  changes  in  the  metal. 
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Not  so  well  known,  nor  so  easily  demonstrable,  is  this  phenom¬ 
enon  in  rolled  and  hammered  material,  because  masked  by  other 
complex  conditions. 

How  can  we  tell  of  the  presence  of  internal  stresses?  I  know 
of  no  means  to  detect  them  in  finished  material  before  it  goes 
into  service,  although  an  experienced  person  can  see  by  the  way 
steel  is  treated  in  the  mill  or  shop  whether  internal  stresses  will 
be  developed  or  not.  Some  years  ago  in  a  beam  mill  the  flanges 
of  an  I-beam  were  slotted  off  and  the  web  shrunk  one-eighth  of 
an  inch  in  its  total  length  when  freed  from  the  restraining  influ¬ 
ences  of  the  flanges. 

Whenever  we  find  radial  lines,  beginning  at  the  surface  or 
periphery  of  a  fractured  structural  material,  and  running  toward 
the  center,  gradually  thinning  out  into  nothing,  we  may  be  sure 
that  internal  stresses  had  a  good  deal  to  do  with  the  premature 
fracture  of  such  material. 

These  injurious  stresses  are  chiefly  due  to  changes  of  structure 
due  again  to  unequal  heating,  which  tends  to  produce  groups  of 
particles  of  varying  density,  the  cohesive  force  in  one  or  more 
groups  being  different  from  all  other  groups,  each  group  being 
under  strain  to  establish  an  equilibrium  with  the  neighboring 
group  or  groups. 

It  is  not  difficult  to  comprehend  the  origin  of  these  internal 
stresses  when  we  know,  as  we  do  to-day,  thanks  to  the  researches 
of  Osmond,  that  steel  is  in  a  period  of  transition  when  heated,  up 
to  the  critical  point,  which  is  that  point  where  the  structure  of 
the  steel  changes  quite  rapidly  from  one  form  to  another.  This 
critical  point  varies  with  the  carbon  contents  and  completes  its 
course  within  a  definite  number  of  degrees  of  heat. 

Having  thus  briefly  offered  some  debatable  points  as  regards 
quality  of  structural  steel,  let  us  now  open  the  gate  to  that  large 
and  fertile  field  for  discussion  about  the  methods  of  testing  and 
inspection.  Why  do  we  test  and  inspect?  To  prevent  accidents 
to  our  fellow-beings  and  to  avoid  the  heavy  expense  of  replace¬ 
ment  of  structures,  or  part  of  structures,  due  to  excessive  wear 
and  tear,  or  breakdowns. 

In  other  words,  economic  conditions  compel  the  engineer  to 
avoid  preventable  waste  of  our  natural  resources  and  accumu- 
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lated  capital.  Wasteful  use  of  resources  or  capital  means  their 
destruction  without  useful  application.  The  logical  conclusion, 
then,  is  that  testing  and  inspecting  are  important  factors  in  the 
household  economy  of  the  nation,  and,  therefore,  the  methods  of 
doing  so  deserve  our  closest  attention  and  a  liberal  expenditure 
of  money.  The  cheapening  of  an  article  of  commerce  by  a  small 
amount  of  money  may  be,  and  often  is,  the  difference  between 
the  purchasing  power  of  large  numbers  of  people  who  could  not 
have  bought  the  article  before  it  was  cheapened.  Likewise,  if 
accumulated  or  borrowed  capital  has  to  be  applied  to  pay  for 
preventable  waste,  that  amount  of  resources  or  capital  is  with¬ 
drawn  from  the  development  of  our  industries  or  cheapening  of 
transportation,  with  consequent  expansion  of  trade  and  com¬ 
merce.  A  manufacturer  may  rejoice  to  get  a  large  order  to 
replace  wornout  or  broken  material,  but  if  the  money  necessary 
to  pay  for  that  material  represents  preventable  waste,  it  may 
mean  the  curtailment  of  other,  larger  purchases,  that  would  have 
been  necessary,  if  that  money  represented  the  difference  in  the 
increased  purchasing  power  of  the  people,  due  to  a  cheapening 
of  products  or  transportation  in  a  certain  direction.  Hence,  the 
economic  value  of  testing  and  inspecting  and  the  increasing 
necessity  to  base  the  methods  of  doing  this  work  on  scientific 
principles;  although  in  commercial  testing  we  must  be  satisfied 
•with  an  approximation  to  scientific  accuracy. 

The  engineer  must  be  able  to  interpret  properly  and  quickly 
the  phenomenon  produced  by  mixing  certain  percentages  of 
chemical  elements  in  the  furnace,  and  the  effect  of  mechanical 
treatment  in  finishing  the  resulting  product,  but  while  we  can 
determine  the  amount  of  specified  chemical  elements  on  the 
ehemist’s  balances  in  the  finished  product,  this  is  not  quite  pos¬ 
sible  in  regard  to  the  physical  properties  of  steel,  and  just  be¬ 
cause  our  present  state  of  knowledge  of  the  physical  properties 
of  iron  and  steel  is  only  an  approximation,  though  perhaps  a 
close  one,  we  ought  not  to  be  satisfied  with  crude  methods  in 
determining  the  qualities  of  a  given  grade  of  steel  for  a  given 
purpose. 

The  criterion  of  the  economic  value  and  success  of  methods  of 
testing  and  inspecting  steel  is  the  ability  of  the  engineer  to  adopt 
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such  means  and  methods  as  will  enable  him  to  determine  as 
quickly  and  nearly  as  possible  the  value  of  that  particular  quality 
of  the  steel  he  intends  to  use,  which  will  have  to  do  the  most 
work  in  his  structure. 

Let  me  illustrate.  Here  are  two  pieces  of  iron  bent  double 
under  the  steam-hammer.  A  test  like  this,  for  iron,  has  always 
been  accepted  as  an  indication  of  good  quality.  Yet  it  is  not. 
Valuable  as  a  test  like  this  is,  it  does  not  show  all  the  engineer 
wishes  to  know,  and  ought  to  know,  about  the  qualities  of  the 
material  he  uses.  It  may  be  surprising  to  know  that  one  of 
these  pieces  is  very  poor.  This  is  but  one  instance  where  the 
progressive,  up-to-date  engineer  has  to  discard  old,  accepted  no¬ 
tions,  and  extend  his  inquiries  into  other  directions. 

I  will  presently  come  back  to  this  test,  but,  in  passing,  let  me 
say  that,  while  this  test  is  not  an  indication  of  good  quality  in 
iron,  this  same  test  is  a  very  good  measure  of  ductility  in  steel. 
Why?  I  will  explain  later. 

Again,  supposing  I  am  told  that  two  lots  of  material,  say  iron, 
are  equally  good,  because  samples  out  of  both  lots  may  be  bent 
back  and  forth  at  will,  without  either  of  them  breaking  below  a 
given  number  of  bendings. 

I  have  here  a  strip  of  pasteboard  and  a  strip  of  sheet-iron. 
Both  can  be  bent  back  and  forth  a  great  number  of  times,  the 
pasteboard  even  easier  than  the  iron.  But  because  of  this,  is  any 
one  willing  to  say  the  pasteboard  is  as  strong  as  the  iron  ?  It  may 
be,  as  far  as  bending  is  concerned  ;  but  when  I  begin  to  apply 
torsional  stresses,  the  pasteboard  can  be  easily  torn  with  the  fin¬ 
gers,  but  not  the  iron. 

Thus,  one  of  the  two  lots  of  iron,  or  axles,  or  shafts,  may  be 
unable  to  stand  many  torsional  stresses,  notwithstanding  its 
adaptability  to  bending.  Why  this  should  be  so,  is  another  ques¬ 
tion  entirely.  It  is  simply  an  illustration  of  the  necessity  for 
the  engineer  to  adopt  the  right  means  to  attain  the  right  end. 

Etching,  and  the  study  of  the  micro-structure  of  steel,  is  becom¬ 
ing  more  and  more  a  most  valuable  auxiliary  to  enable  the  en¬ 
gineer  to  judge  about  the  quality  of  a  material,  though  this 
method  of  testing  has  not  yet  been  developed  sufficiently  to  base 
quantitative  conclusions  on  it,  similar  as  we  get  in  other  methods 
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of  testing.  In  etching  iron,  however,  we  do  not  need  the  micro¬ 
scope  to  be  able  to  say  which  of  the  pieces  lying  before  us  is 
preferable.  Judgment  based  on  experience  and  comparison,  is 
also  a  very  valuable  friend,  not  only  of  the  engineer,  but  also  of 
the  manufacturer.  It  is  the  engineer  who  observes  the  behavior 
of  steel  in  service,  and  therefore  is,  or  should  be,  able  to  give  the 
manufacturer  valuable  information  as  to  the  influences  of  certain 
methods  of  manufacture  on  the  final  quality  of  his  product.  In 
this  way  very  satisfactory  results  may  be  obtained,  and  a  good 
deal  of  friction  and  misunderstanding  avoided.  Considering  the 
quantitative  determination  of  the  qualities  of  steel  for  a  given 
purpose  by  tensile  testing,  drop  testing,  nicking,  bending,  crush¬ 
ing,  and  twisting,  it  is  well  to  bear  in  mind  that,  while  we  can¬ 
not  possibly  go  into  elaborate  details  in  every-day  commercial 
testing,  we  yet  ought  to  aim  at  a  tolerable  degree  of  accuracy. 

The  further  we  depart  from  a  given  ideal  standard  we  have  in 
our  minds,  the  more  we  lose  control  of  the  aim  we  are  pursuing 
and  lose  the  bearings  set  for  our  guidance  bv  exact  science. 

Elasticity,  stretch,  strength  and  contraction  of  area  are  the 
elements  constituting  a  tensile  test.  Let  us  consider,  first,  elas- 

ticitv.  What  is  it  and  how  does  it  manifest  itself? 

•/ 

Steel' is  a  viscous  solid,  composed  of  an  innumerable  number 
of  particles  or  crystals,  each  individual  crystal  a  body  of  itself 
with  characteristics  of  its  own,  these  crystals  cemented  together 
by  their  sides  with  a  matrix  of  softer  material  than  the  crystals 
and  of  different  chemical  composition.  Hammering  and  rolling 
breaks  up  the  large  crystals  as  they  exist  in  the  ingot,  condenses 
the  whole  mass,  breaks  up  original  groups  of  crystals  and  forms 
new  ones  in  conjunction  with  the  heat  necessary  to  work  the 
metal.  The  last  stage  of  heat  or  work,  or  both  combined,  deter¬ 
mines  largely  the  suitability  of  steel  for  the  work  it  has  to  per¬ 
form.  Thus,  quality  is  a  complex  function  of  the  last  stages  of 
heat  and  pressure. 

Now  then,  in  trying  to  picture  to  our  minds  what  takes  place  in  a 
piece  of  steel  when  we  strain  it,  we  have  to  bear  in  mind  the  dual 
condition  existing  in  the  steel  by  virtue  of  the  degree  of  hard¬ 
ness  of  each  individual  crystal,  and  the  degree  of  cohesion  with 
which  these  crystals  are  held  together  by  their  sides,  each  of 
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these  conditions  intensified  or  moderated  according  to  the  amount 
of  work  or  degree  of  heat  to  which  the  metal  was  subjected. 

Barnes,  in  his  “  Viscosity  of  Solids,”  says  in  regard  to  the 
viscosit\T  of  steel :  “  The  relations  between  hardness  and  viscosity 
here  encountered  may  perhaps  be  conceived  somewhat  as  follows: 
Suppose  stress  to  be  so  distributed  in  a  solid  that  its  application 
at  any  interface  is  nowhere  sufficient  to  produce  rupture.  Then 
that  property  of  a  solid  in  virtue  of  which  it  resists  very  small 
forces  (zero  forces),  acting  through  very  great  intervals  of  time, 
may  be  termed  the  viscosity  of  the  solid.  That  property  in 
virtue  of  which  it  resists  the  action  of  very  large  forces  acting 
through  zero  time  may  be  termed  the  hardness  of  the  solid. 
Since  the  application  of  forces  in  such  a  way  as  accurately  to  meet 
either  of  these  cases  is  rare,  we  have  in  most  cases  a  mixture  of 
viscous  resistance  and  hardness  to  encounter.  We  may  reason¬ 
ably  conceive  that  in  the  case  of  viscous  motion  the  molecules 
slide  into  each  other,  or  even  partly  through  each  other,  by 
interchange  of  atoms,  so  that  the  molecular  configuration  is  con¬ 
tinually  reconstructed  ;  that  in  the  other  case  (hardness)  the 
molecules  are  urged  over  and  across  each  other,  and  that  there¬ 
fore  the  intensity  of  cohesion  is  in  this  case  more  or  less  impaired. 
In  most  cases  of  scratching  (indentation  of  the  surface)  the  action 
is  indeed  accompanied  by  physical  discontinuity  of  the  parts 
tangentially  strained.”  Now,  if  we  accept  this  explanation  as 
plausible — and  every-day  experience  as  well  as  the  study  of  the 
microstructure  of  steel  make  it  plausible — we  may  conceive  the 
elasticity  of  steel  as  a  complex  function  of  both  the  degree  of 
hardness  of  the  crystals  and  the  degree  of  cohesive  force  with 
which  the  crystals  are  held  together. 

The  first  application  of  a  small  stress  sets  the  molecules  into 
motion,  of  which  the  individual  crystals  are  composed,  without 
.disturbing  the  cohesion  of  the  crystals.  As  stress  increases,  the 
cohesive  force  is  overcome  and  the  crystals  as  a  whole  begin  to 
slide  upon  and  over  each  other.  If  we  stop  straining  the  structure 
before  the  sliding  of  the  crystals  itself  begins,  then  the  activity  of 
the  molecules  produces  elastic  reaction,  and  in  virtue  of  this 
reaction  the  metal  assumes  its  original  form.  If,  however,  sliding 
of  the  crystals  has  begun,  then  permanent  set  takes  place,  and  this 
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set  will  be  the  greater  the  further  the  crystals  have  been  separated 
and  torn  away  from  the  original  position  they  occupied  before 
being  strained.  It  is  conceivable  that  at  the  same  time  as  sliding 
begins  the  shape  of  the  crystals  is  altered,  according  to  the 
pressure  exerted  and  the  degree  of  hardness  of  the  crystals  itself. 
But  even  in  that  case  the  viscosity  of  solids  asserts  itself  and  sets 
up  a  still  more  violent  elastic  reaction,  which  has  been  observed 
to  last  for  days  and  weeks,  restoring  partly,  but  never  entirely, 
the  original  form  or  dimension  of  the  metal.  Maxwell  explains 
elastic  reaction  as  a  difference  of  the  state  existing  in  different 
groups  of  molecules.  “  In  this  case,”  he  says,  speaking  of  perma¬ 
nent  set,  “some  of  the  less  stable  groups  have  been  broken  up 
and  assumed  new  configurations.  But  it  is  quite  possible  that 
others,  more  stable,  may  still  retain  their  original  configuration, 
so  that  the  form  of  the  body  is  determined  by  the  equilibrium 
between  these  two  sets  of  groups ;  but,  if,  on  account  of  rise  of 
temperature,  violent  vibrations  or  any  other  cause,  the  breaking 
up  of  these  less  stable  groups  is  facilitated,  the  more  stable  groups 
may  again  assert  their  sway,  and  tend  to  restore  the  body  to  the 
shape  it  had  before  deformation.” 

We  can  easily  comprehend  from  the  foregoing  what  a  multi¬ 
tude  of  conditions  may  influence  the  degree  of  elasticity  of  a 
piece  of  steel  according  to  even  very  small  variations  of  chemical 
elements  or  mechanical  treatment  or  degree  of  heat  in  finishing. 
We  can  also  comprehend  why  small  crystals,  imbedded  in  not 
too  hard  a  matrix,  as  described  in  my  discussion  of  Mr.  Ilad- 
field  s  paper,  give  greatest  strength  and  elasticity,  other  things 
being  equal,  because  not  only  does  the  greater  number  of  sides, 
coexisting  with  a  greater  number  of  crystals  in  a  given  space, 
give  greater  density  and  resistance  to  sliding  of  the  crystals,  but 
the  smallness  of  the  crystals  favors  uniformity  in  the  character 
of  each  individual  crystal,  less  difference  in  the  instability  of 
groups,  if  it  exists  at  any  time,  a  more  favorable  field  for  elastic 
reaction  to  complete  its  activity. 

We  also  may  perceive  from  this  why  opposing  stresses,  like 
tension  and  torsion,  tension  and  compression,  tension,  shock  and 
torsion,  are  more  detrimental  than  simple  stresses  acting  only  in 
one  direction,  The  stress  has  just  set  viscous  action  of  the 
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molecules  in  motion,  and  the  cohesion  of  the  crystals  is  being 
forced  to  exert  itself  to  resist  sliding,  when  all  at  once  an  oppo¬ 
site  stress  intervenes  and  forces  the  action  out  of  line  into  new 
conditions,  thus  creating  disorder  and  confusion,  loss  of  the  grip, 
as  it  were,  the  forces  had  already  obtained  on  the  material.  Some¬ 
thing  like  a  choppy  sea,  where  a  second  wave  breaks  up  the  first 
one  before  it  had  time  to  complete  its  course. 

Thus  again,  putting  all  the  available  theoretical  and  practical 
evidences  together,  we  perceive  how  that  phenomenon  in  steel, 
which  we  call  its  elasticity,  is  a  complex  function  of  inter- 
molecular  activity  and  cohesive  force  which  act  and  react  upon 
each  other  on  the  application  of  stress,  the  intensity  of  such 
action  and  reaction  depending  not  only  on  the  degree  of  inten¬ 
sity  of  stress,  but  on  the  physical  nature  of  the  crystals  and  their 
configurations  according  to  the  last  stages  of  heat  and  pressure 
in  finishing  and  the  degree  of  uniformity  of  distribution  of  the 
chemical  elements. 

This  complexity  of  circumstances  seems  to  explain  to  us  some 
of  the  vagaries  we  encounter  when  we  attempt  to  determine  the 
degree  of  elasticity  in  steel — where  it  begins  and  where  it  ends. 
We  can  readily  perceive  how  in  one  case  intermolecular  action, 
producing  viscosity  or  elastic  reaction,  is  greater  than  the  cohe¬ 
sive  force  preventing  the  crystals  from  sliding  out  of  their  posi¬ 
tion,  due  perhaps  to  a  greater  hardness  of  the  matrix,  while  in 
another  case  the  cohesive  force  is  inferior  to  viscous  action,  and 
j:>ermanent  set  takes  place  notwithstanding  the  efforts  of  the 
more  stable  groups,  which  react  violently  to  establish  an  equi¬ 
librium. 

It  explains  to  us  also  why  the  engineer  deceives  himself  when 
he  bases  his  calculations  on  that  fictitious  value,  the  elastic  limit 
as  obtained  by  the  drop  of  the  beam. 

Bauschinger  was  the  first  to  show,  and  others  have  proved  it 
since,  that  there  is  no  elastic  limit  proper  in  steel ;  that  at  any 
and  every  stress  a  set  takes  place.  However,  that  set  is  so  small 
that  it  has  no  influence  whatever  on  the  practical  work  of  the 
engineer. 

These  sets,  however,  begin  to  become  a  matter  of  consequence 
when  the  limit  of  proportionality  is  reached.  We  may  perceive 
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the  elasticity  within  the  limit  of  proportionality  to  be  the  begin¬ 
ning  of  viscuous  activity  and  a  tightening  up,  as  it  were,  of  cohe¬ 
sive  forces  holding  the  crystals  together,  the  latter  action  produc¬ 
ing  minimum  set,  while  the  former  disappears  speedily  after 
stress  is  removed. 

At  the  limit  of  proportionality  sliding  begins  in  earnest  and 
the  elastic  reaction  becomes  very  active. 

At  the  third  stage,  where  there  is  an  interval  of  stretch  with¬ 
out  increase  of  load,  indicated  by  the  drop  of  the  beam,  the 
crystals  are  leaving  their  original  positions  and  tumble  over  each 
other  until  they  become  locked  and  hooked  into  each  other  again, 
and  the  length  of  time  necessary  to  accomplish  this  indicates  then 
the  length  of  the  period  of  stretch  without  increase  offload. 
Hence,  at  that  point  when  the  beam  drops  the  original  configur¬ 
ation  of  the  crystals  and  the  molecules  forming  the  crystals  have 
been  broken  up  and  we  have  an  unstable  mass  of  particles  vio¬ 
lently  agitated,  trying  to  find  new  positions,  to  form  new  groups 
and  configurations,  while  the  elastic  reaction  is  doing  its  best  to 
bring  some  kind  of  a  stability  into  the  unstable  mass  after  days 
and  weeks  of  efforts. 

Therefore,  at  the  drop  of  the  beam  the  engineer  deals  with  a 
metal  in  a  highly  unstable,  highly  agitated  condition,  remaining 
unstable  the  longer  the  further  he  is  away  from  the  primitive 
elastic  limit,  the  metal  remaining  in  a  condition  entirely  beyond 
the  calculation  of  the  engineer,  and  is,  therefore,  a  matter  of 
chance.  We  can  form  new  elastic  limits  to  near  the  breaking 
point  of  the  metal,  because  with  every  stress  and  rest  the  phe¬ 
nomenon  of  breaking  up  of  groups,  of  new  sliding,  of  new 
attempt  to  support  each  other,  and  of  viscuous  action  is  repeated 
to  the  last. 

“  I  might  explain  this  action  in  a  crude  way  with  this  spring 
(shows  a  brass  wire  spring  about  12  inches  long).  If  we  com¬ 
press  the  spring  some  and  release  the  compressive  force  we  may 
conceive  this  to  be  the  limit  of  elasticity.  If  we  compress  the 
spring  solid  and  release  an  insignificant  set  has  taken  place  and 
we  have  reached  the  limit  of  proportionality.  Compressing  the 
spring  still  further  it  loses  its  shape,  twists  and  bulges  out.  This 
stage  is  equivalent  to  the  stage  the  steel  is  in  when  the  elastic 


42  Kreuzpointner — Steel  as  Viewed  by  the  Engineer.  [Proc.  Eng.  Club, 

limit  is  taken  at  the  drop  of  the  beam.  To  be  sure,  we  have 
still  a  good  deal  of  resistance  and  springiness  in  the  spring  at 
that  stage,  but  it  certainly  is  not  in  the  shape  and  condition  of  a 
useful  and  reliable  spring  any  longer.” 

Incidentally  let  me  mention  here  that  the  dissatisfaction  of  many 
engineers  with  soft  steel  is  probably  partly  due  to  the  higher  de¬ 
gree  of  viscosity  or  elastic  reaction  in  softer  steel,  and  which  ap¬ 
pears  to  last  longer  in  soft  steel,  due  apparently  to  the  greater 
mobility  of  the  molecules.  Thus,  the  strength-giving  particles  of  the 
steel  are  in  a  constant  state  of  unstableness,  of  groups  breaking  up 
and  new  ones  forming,  of  a  constant  tremor  that  soon  fatigues  the 
metal.  Because  viscosity  or  elastic  reaction  decreases  as  the  hard¬ 
ness  of  steel  increases,  in  duration  as  well  as  in  intensity,  and  re¬ 
sistance  to  sliding  seems  to  be  greater,  therefore  there  is  logic  in 
the  growing  preference  for  a  middling  hard  steel  by  the  engineer. 
I  have  thus  dwelt  at  greater  length  on  the  phenomenon  of  the 
elastic  limit,  because  it  is  really  the  criterion  of  the  metal’s  useful¬ 
ness  and  because  of  my  desire  to  give  the  reason  why  I  am  so 
strenuously  opposed  to  the  drop  of  the  beam  being  considered  a 
reliable  measure  of  quality. 

Here  are  two  etched  pieces  of  iron  axles.  You  will  see  they 
are  radically  different  from  one  another.  One  is  beautifully 
hammered  and  the  layers  of  muck  bar  are  very  well  shaped  and 
show  the  structure  of  the  axle.  The  other  is  a  nondescript  mass. 
Supposing  we  make  a  drop  test  of  these  two  axles.  Experience 
shows  iron  like  this  to  be  inferior  and  unsuitable  for  iron  axles. 
It  may  do  a  certain  amount  of  service,  but  if  I  have  the  prefer¬ 
ence  I  would  at  any  time  select  material  like  this.  (Showing 
sample.)  Then  someone  says  “  Why  both  of  these  axles  stand  a 
number  of  blows.”  That  may  be  so.  Why  should  it  be  so  ? 
Here  we  have  some  cold  short  iron  mixed  with  neutral  iron  and 
some  scrap.  If  we  put  that  under  the  drop  the  first  blow  will  be 
sustained  by  the  neutral  or  finer  crystallized  portion  of  the  iron. 
As  the  blows  increase  the  cold  short  material  begins  to  become 
fibrous,  that  is,  the  work  done  by  the  drop  is  equal  to  the  work 
done  under  the  steam  hammer,  drawing  out  the  crystals  into  fiber. 
Now  under  the  drop  test  this  axle  may  stand  a  good  many  blows 
because  the  coarser  crystals  under  the  drop  become  fibrous.  In 
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other  words  the  material  is  in  such  a  condition  that  the  blows  of 
the  drop  will  improve  it.  As  the  other  piece  is  in  a  first-class 
condition  when  we  begin,  consequently  the  drop  test  of  the  two 
axles  would  not  necessarily  show  that  the  one  is  not  as  good  as 
the  other,  because  the  work  of  the  drop  changes  the  structure  of 
one  and  improves  it  and  makes  it  better,  and  thus  deceives  the 
person  who  contends  that  one  axle  is  as  good  as ‘the  other.  (For 
various  reasons  this  is  not  an  argument  though  against  the  drop 
test.)  True,  they  may  say  one  stands  nearly  as  many  blows  as 
the  other,  but  when  we  come  to  apply  this  axle  to  torsional  strains, 
to  the  blows  and  shocks  going  over  frogs  and  switches,  then  the 
structure  I  now  show  is  clearly  not  as  well  adapted  as  this  other 
beautiful  fibrous  structure. 

In  the  foregoing  neither  time  as  a  factor,  nor  the  phenomenon 
of  continued  stretching  of  a  test  piece,  if  the  load  continues  to  act 
without  increase  of  the  same ;  nor,  also,  has  that  point  been  con¬ 
sidered,  What  property  appears  to  make  steel  safer  than  iron 
under  certain  conditions  ? 

It  has  been  proposed  to  use  the  maximum  load  instead  of  the 
breaking  load  as  a  factor  for  the  engineer  s  calculations.  Thus 
far,  however,  the  difficulty  of  getting  the  exact  maximum  load 
has  prevented  the  introduction  of  this  measure. 

In  regard  to  elongation  as  a  measure  of  quality  there  seems  to 
be  a  universal  agreement  at  present  of  its  being  a  more  reliable 
and  trustworthy  guide  to  determine  ductility,  than  contraction 
of  area.  A  piece  of  steel,  stretching  uniformly  over  the  whole 
section,  indicates  uniformity  of  structure,  and  this  is  a  quality 
about  which  the  engineer  is  very  much  concerned.  For  com¬ 
mercial  testing,  measuring  the  total  stretch  is  sufficient.  For 
scientific  testing,  the  French  Commission  recommends  measuring 
the  elongation  in  different  parts  of  the  section  separately,  and 
thus  distinguish  between  elongation  of  contraction  and  elonga¬ 
tion  outside  the  zone  of  contraction.  At  Altoona  they  use  these 
scales  for  measuring  elongation.  They  are  very  handy.  Say  in 
a  2"  section  one  half  is  divided  into  fifths;  all  one  has  to  do  is  to 
put  the  point  into  the  punch  mark  and  read  of!'  his  elongation. 

As  far  as  contraction  of  area  as  a  measure  of  quality  is  con¬ 
cerned,  it  is  more  and  more  recognized  that  its  value  has  been 
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very  much  overrated.  At  best  it  is  only  an  indication  of  the 
local  condition  of  the  metal  at  the  point  of  contraction,  and  the 
best  proof  of  its  unreliability  is  the  fact  that  Woeliler,  who  is  the 
father  of  contraction  of  area  as  a  measure  of  quality,  has  aban¬ 
doned  it  himself.  Professor  Martens,  on  giving  official  instruc¬ 
tions  as  to  tensile  testing  to  all  those  doing  any  testing  .of  rail¬ 
road  and  other  material,  makes  the  following  remarks  about 
contraction  of  area.* 

“  Years  of  experience  and  very  extended  investigations  have 
taught  the  contraction  of  area  an  unreliable  measure  of  quality; 
more  so  than  elongation,  and  after  some  resistance  on  the  part 
of  the  originator  it  was  abandoned  by  him  and  most  of  those 
who  had  used  it.”  If  the  originator  of  contraction  himself  aban¬ 
dons  it  as  erroneous,  then  we  can  leave  arguing  about  its  value 
with  those  who  cannot  get  out  of  old,  time-worn  ruts  and  super¬ 
stitions. 

Drop  tests  of  steel,  while  not  so  valuable  for  iron,  are  very  val¬ 
uable  for  steel  whenever  the  intended  structure  is  to  be  subjected 
to  sudden  and  intermittent  shocks. 

Iron  and  steel  flow  very  easily  under  pressure.  Hence  the 
philosophy  of  the  drop  test  consists  in  discovering  whether  the 
metal  in  the  intended  structure  will  flow  as  easily  under  a  sud¬ 
den  blow  as  under  a  slow  pull.  In  other  words,  whether  a  struc¬ 
ture  is  able  to  adapt  itself  quickly  to  unexpected  requirements. 
Hence  the  increasing  preference  of  the  engineer  for  the  drop  test. 

Nicking  and  bending  tests  are  other  valuable  tests  to  indicate 
quality  and  to  supplement  the  tensile  test. 

A  great  deal  more  could  be  said  about  tbe  properties  and 
qualities  of  steel  and  methods  of  testing.  However,  I  have 
strained  your  patience  already  far  beyond  the  yield  point,  and 
rather  than  cause  rupture  I  shall  now  ask  for  your  kind  criti¬ 
cisms  of  the  points  presented  for  better  understanding  and  scien¬ 
tific  progress. 


*  Mittheilungen ,  Erstes  Heft,  1S93,  p.  33. 
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DISCUSSION. 

The  President. — We  have  had  a  very  interesting  paper  from 
Mr.  Kreuzpointner,  and  we  may  be  benefited  further  by  a  discus¬ 
sion  on  the  subject.  As  we  meet  informally,  it  would  be  well  for 
those  most  interested  to  come  forward  and  look  at  the  samples. 
I  understand  we  have  with  us  Mr.  Colby,  of  the  Bethlehem  Iron 
Co.,  and  it  would  be  interesting  to  have  him  open  the  discussion. 

Mr.  Albert  Ladd  Colby  (Visitor.) — In  accepting  your  kind 
invitation  to  be  present  this  evening,  I  did  not  think  I  would  be 
called  upon  to  make  any  remarks,  for  I  anticipated  that,  inas¬ 
much  as  representatives  from  the  manufacturers  had  opened  the 
discussion  on  steel  at  your  December  19th  meeting,  to-night  their 
papers  would  be  criticised  and  the  only  speakers  allowed  would 
be  the  users  of  steel,  the  engineers  who  write  the  specifications, 
and  the  inspectors  who  pass  upon  the  manufacturers’  product ; 
but  instead  of  a  reply  to  the  manufacturers’  side  of  the  case,  in¬ 
cluding  Mr.  Campbell’s  criticism  of  some  points  in  the  specifica¬ 
tions  under  which  he  is  called  upon  to  furnish  steel,  or  Mr. 
Christie’s  important  suggestion  that  the  usual  tensile  test  required 
in  specifications  is  an  insufficient  and  often  a  misleading  measure 
of  the  capacity  of  a  steel  to  withstand  dynamic  stresses,  or  my 
claim  that  the  failure  of  steel  is  often  due  to  the  faulty  mechani- 
cal  treatment  it  received  in  the  customer’s  hands,  or  to  the 
selection  of  a  too  low  carbon  steel  for  the  work  demanded  of  a 
forging,  we  have  listened  to  a  plea  for  even  more  thorough 
testing  and  careful  inspection  of  iron  and  steel  than  specifications 
at  present  require. 

From  my  personal  acquaintance  with  Mr.  Kreuzpointner,  I  am 
not  surprised  that  he  takes  this  view.  He  has  made  a  very 
careful  study  of  the  testing  of  iron  and  steel,  and  too  modestly 
refers  to  the  aid  that  he  has  given  some  manufacturers  by 
valuable  suggestions  as  to  how  their  product  could  be  improved. 
The  inspection  of  material  is  more  necessary  to-day  than  in 
former  years,  partly  because  sharp  competition  tempts  some 
manufacturers  to  bid  a  lower  price  than  one  at  which  they  can 
furnish  a  good  material,  and  trust  to  careless  inspection  for  its 
acceptance,  but  mainly  because  steel  is  now  used  for  a  multitude 
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of  purposes  where  the  demands  upon  it  are  much  more  severe 
than  were  even  dreamt  of  years  ago. 

Our  customers  admit  that  specifications  are  more  rigid  to¬ 
day,  because  their  processes  are  cheapened  and  the  manufacturer’s 
product  more  roughly  handled  in  consequence.  For  instance, 
a  4-inch  billet  is  now  drawn  to  a  y^-inch  rod  at  a  single  heating. 
Automatic  machines  geared  up  to  their  maximum  capacity,  are 
sensitive  to  the  slightest  variation  in  the  hardness  of  the  manu¬ 
facturer’s  billets.  Axles  are  now  rapidly  turned  in  turret-lathes 
with  a  cutting  tool  the  full  length  of  the  journal,  instead  of  in 
ordinary  lathes  with  a  small  traveling  tool.  If  the  turnings  hang 
to  the  cutting  edge  in  the  modern  turret-lathe,  a  rough-turned 
axle  results,  and  the  manufacturer’s  steel  is  said  to  be  at  fault. 
The  specifications  of  some  customers  allow  entirely  too  limited  a 
range  in  chemical  composition  in  the  very  high  carbon  open- 
hearth  steels  which  the  customer  expects  to  substitute  for  crucible 
steel  for  a  great  variety  of  purposes,  and  even  under  these  cir¬ 
cumstances  the  manufacturer  is  expected  to  replace  the  occasional 
billet  of  this  material,  which  is  sold  by  the  ton,  because,  on  ac¬ 
count  of  seams  or  pipe,  this  billet  cannot  be  made  into  the  so- 
called  “  crucible  steel  ”  tools,  which  are  sold  by  the  pound  at  a 
good  profit. 

A  reference  to  the  order  books  of.  anv  steel  works  which  has 

«/ 

manufactured  steel  since  the  seventies,  will  show  how  little  was 
demanded  of  the  manufacturer  years  ago,  when  his  customer’s 
profits  were  large  and  rejections  never  referred  to;  whereas  to-day, 
with  the  manufacturer  working  on  even  smaller  margins  than 
his  customer,  almost  every  order  is  accompanied  by  chemical  and 
physical  specifications,  and  in  some  cases  a  demand  is  made  that 
the  steel  shall  be  guaranteed  to  give  satisfaction  for  the  purpose 
intended.  This  latter  request  is  unfair  to  the  manufacturer,  for, 
as  I  pointed  out  in  one  of  the  papers  read  at  your  previous  meet¬ 
ing,  the  failure  of  the  steel  is  often  due  to  the  customer  not  an¬ 
nealing  his  manufactured  articles,  especially  those  of  large  sizes, 
in  which  the  establishment  of  internal  strains  is  particularly 
fatal. 

As  stated  before,  Mr.  Kreuzpointner,  representing  a  large  con¬ 
sumer  of  steel,  suggests  that  the  manufacturer’s  product  should 
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be  even  more  thoroughly  tested  and  inspected.  I  am  willing  to 
meet  him  half  way  in  this  suggestion.  A  fair  increase  in  the 
requirements  demanded  of  the  manufacturer  can  be  met,  for  he 
is  to  day  materially  aided  by  well-equipped  chemical  and  physi¬ 
cal  laboratories  in  maintaining  greater  uniformity  in  his  product 
than  in  former  years.  There  is,  however,  an  important  factor  in 
the  problem  of  adjusting  the  customer’s  demands  to  the  manu¬ 
facturer’s  idea,  which  Mr.  Kreuzpointner  has  not  touched  upon  ;  a 
factor  which  exercises  as  great  an  influence  in  securing  what  he 
wants  as  his  carefully  worded  specifications,  and  that  is  the  price 
which  his  company’s  purchasing  agent  is  willing  to  pay  for  the 
material.  It  is  manifestly  unfair  to  the  manufacturer  if  the  cus¬ 
tomer’s  engineer,  in  presenting  a  more  rigid  specification  to  the 
purchasing  agent,  fails  to  frankly  admit  that  it  can  only  be  met 
by  heavier  top  discards  or  slower  and  more  careful  methods  of 
manufacture,  and  that  they  cannot  expect  to  obtain  the  better 
article  at  the  price  of  former  lots  of  inferior  material,  which  have 
undoubtedly  proved  in  the  end  to  be  more  expensive  purchases, 
or  the  engineer  would  not  now  be  demanding  a  better  article. 

No  one  is  more  directly  interested  than  a  wide-awake  manu¬ 
facturer  in  the  efforts  referred  to  by  Mr.  Kreuzpointner,  which  are 
now  being  made  both  abroad  and  in  this  country  towards  a  uni¬ 
fication  in  the  methods  of  testing,  so  that  iron  and  steel  will  be 
submitted  to  tests  which  will  truthfullv  measure  their  value  for 
the  purposes  to  which  they  are  to  be  used,  for  with  such  improve¬ 
ment  the  care  exercised  in  the  manufacture  of  his  product  will 
be  more  clearly  appreciated,  and  his  just  demand  for  a  higher 
price  more  willingly  recognized. 

The  President. — I  suppose  there  are  some  other  manufactur¬ 
ers  here.  We  have  heard  the  engineers’  part  of  it  at  some  length. 

James  Christie. — The  Club  is  indebted  to  Mr.  Kreuzpointner 
for  his  interesting  paper  on  the  physics  of  steel.  It  is  a  branch 
of  the  subject  deserving  careful  study  by  those  who  desire  to 
obtain  a  clear  and  rational  conception  of  the  fundamental  prop¬ 
erties  of  the  metal.  There  are  so  many  contradictory  statements 
afloat,  that  it  is  well,  when  searching  after  facts,  to  accept  the 
opinions  of  interested  parties  cum  grano  salts.  An  old  adage  says 
“  men  try  to  believe  that  which  they  wish  to  be  true,”  and  it  is 
quite  natural  for  the  manufacturer,  who  may  be  hedged  around 
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by  annoying  restrictions,  to  disagree  with  the  inspector,  who,  on 
the  other  hand,  may  be  seeking  the  impossible. 

If  specifications  were  always  governed  by  the  experience  and 
well  balanced  judgment  of  those  represented  by  Mr.  Kreuz- 
pointner.  there  would  be  less  occasion  for  the  criticism  of  Mr. 
Campbell  on  this  score,  during  the  last  discussion. 

In  a  quite  recent  specification  for  a  certain  class  of  structural 
steel,  the  author  requires  the  metal  to  have  not  less  than  per 
cent,  manganese,  also  that  it  should  be  annealed  by  heating  to  a 
certain  temperature,  and  cooled  so  that  24  hours  will  elapse 
before  falling  to  normal  temperature.  Xow  it  is  difficult  to  un¬ 
derstand  why  the  consumer  should  specify  a  minimum  limit  for 
manganese,  or  for  that  matter  whether  there  should  be  any  in 
the  steel.  Inspectors  frequently  complain  that  the  tensile  strength 
of  annealed  bars  is  lower  than  the  original  test  pieces,  yet  the 
proposed  systems  of  cooling  selects  a  method  that  will  insure  this 
behavior.  I  agree  with  Mr.  Kreuzpointner  in  drawing  a  marked 
distinction  between  elastic  limit  and  yield  point.  The  former 
being  the  limit  within  which  stress  is  proportional  to  strain,  the 
latter  is  modified  by  speed  of  testing,  and  also  sundry  other  con¬ 
siderations,  consequently  there  is  no  fixed  ratio  between  the  two, 
and  in  some  metals  the  interval  between  the  two  is  much  greater 
than  in  other  metals. 

Mr.  F.  Schumann. — There  is  one  thing  I  desire  to  touch  upon 
from  the  standpoint  of  a  plain,  every-day  user  of  steel  for  ma¬ 
chines  and  structural  purposes.  What  attracted  my  attention 
was  the  suggestion  of  a  higher  grade  of  steel  for  such  purposes. 
In  our  practice  we  bend  and  curve  to  form  angles  and  other 
shapes.  Even  beams  up  to  ten  inches  in  depth  are  bent  to  an¬ 
gles  approaching  45  degrees.  A  good  deal  of  judgment  is  re¬ 
quired  to  do  this  bending  and  forming  properly,  especially  to 
prevent  the  excessive  stretching  of  the  outer  fibers,  which  tend 
to  reduce  the  thickness  of  the  flanges.  Similarly,  in  punching 
or  slotting  shapes,  such  as  angles,  channels  or  beams,  there  is 
more  or  less  tendency  to  cracking  in  the  higher  grades  of  steels ; 
consequently,  we  strongly  favor  the  use  of  softer  grades.  When 
using  steel  for  crank  pins  that  are  fastened  by  riveting  the  head 
at  the  back,  which  is  done  cold,  we  get  the  best  results  from  soft 
steels  ;  their  use  may  induce  greater  wear  on  the  pin,  but  we  meet 


Phila.,  1897,  XIV,  1.]  Discussion — Steel  as  Viewed  by  the  Engineer.  49 

this  by  changing  the  composition  of  the  bronze  in  the  bearings. 
While  we  anneal  all  steel  that  has  been  worked  hot,  we  obtain 
much  better  results  more  readily  in  soft  than  in  harder  steels, 
and  for  these  reasons  the  impulse  is  in  favor  of  soft  steels. 

Mr.  Christie. — Soft  steel  should  not  be  used  for  crank  pins, 
or  axles,  or  any  service  when  exposed  to  severe  abrasion ;  it 
shows  a  tendency  to  cut  on  little  provocation.  More  especially 
is  this  true  when  the  material  rubs  on  similar  metal ;  for  this 
reason  it  gives  poor  results  in  toothed  gearing.  It  has  been  a 
frequent  occurrence  for  gearing  of  soft  steel  to  be  destroyed  in 
a  few  months,  when  the  same  pattern  in  harder  metal  endured 
in  a  satisfactory  manner.  For  these  reasons  the  steel  in  heavy 
gearing  should  contain  not  less  than  0.5  per  cent,  carbon — and 
better  if  higher. 

Mr.  John  Birkixbixe. — As  engineers,  we  may  in  our  speci¬ 
fications,  “  protest  too  much,”  and  thus  make  our  requirements 
more  difficult  of  execution  than  conditions  warrant.  It  is  ques¬ 
tionable  whether,  unless  a  man  has  had  the  experience  of  a 
practical  manufacturer,  or  has  gone  through  the  detail  of  mill 
work,  he  is  equipped  with  such  knowledge  as  to  permit  him  to 
properly  specify  all  physical  properties,  and  chemical  composition 
of  the  materials  which  are  to  be  produced. 

Some  of  the  specifications  issued  for  iron  and  steel  present  so 
many  difficulties,  that  they  may  be  justly  credited  with  causing 
the  trouble  to  which  Mr.  Colby  refers.  An  instance  of  this 
was  brought  to  my  attention  several  years  ago  when  called  on  to 
assist  a  large  manufacturing  company  to  estimate  for  work,  in 
which  the  specifications  for  the  steel  required  suggested  the 
recommendation  of  addressing  letters  to  prominent  manufacturers 
with  the  idea  of  learning  if  the  material  could  be  produced,  and 
if  so,  at  what  cost.  Replies  to  these  queries  were  that  while  such 
steel  could  be  made  the  material  would  be  very  expensive  if  the 
specifications  as  detailed  were  lived  up  to,  an  expense  too  great 
for  the  purpose  for  which  the  material  was  required.  These 
letters  were  submitted  to  the  officer  who  had  issued  the  specifica¬ 
tion  and  who  wrote  to  the  company  with  which  j.  was  associated 
expressing  surprise,  and  stating  he  had  based  his  specification  on 
the  published  statement  of  results  obtained  by  one  of  the  steel 
companies  who  objected  to  the  severity  of  the  present  specifications. 
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The  facts  of  the  case  were  that  this  steel  company  had  made  a 
special  casting  which  had  materially  exceeded  the  requirements 
as  laid  down  by  the  specification  for  the  casting,  and  with  busi¬ 
ness  acumen  had  made  known  the  fact  that  their  wTork  was  even 
better  than  they  had  contracted  for. 

In  drawing  up  the  specifications  for  the  work  upon  which  we 
were  estimating  the  officer  in  charge  had  taken  the  maximum 
result  published  by  the  steel  company,  and  used  it  as  his  mini¬ 
mum  by  specifying  that  all  castings  of  any  heat  in  which  any 
single  specimen  fell  below  this  maximum  were  to  be  rejected. 

We  should  keep  our  specifications  within  the  limits  of  our 
knowledge,  and  it  is  generally  safer  to  permit  as  much  elasticity 
as  will  insure  obtaining  the  desired  results. 

Mr.  Kreuzpointner. — In  regard  to  Mr.  Shumann’s  remarks 
I  beg  to  say  that  it  is  not  always  the  softest  grades  of  steel  that 
are  the  most  ductile  and  pliable.  The  maximum  portion  of  the 
structure  of  soft  steel  is  matrix,  with  harder  crystals  dispersed 
through  the  mass  in  the  shape  of,  roughly  speaking,  large,  open 
meshes  of  a  very  hoarse  network.  Now  if  the  matrix  is  not  in  a 
proper  condition  it  will  crack  and  break  in  bending,  or  in  service, 
while  in  the  harder  grade,  if  both  the  soft  matrix  and  a  harder 
crystalline  network  are  in  proper  condition,  we  have  greater 
elasticity,  greater  hardness  and  resistance,  and  yet  nearly  as  good 
ductility  as  in  the  softer  grade,  and  very  likely  just  as  much 
ductility  as  we  want  and  need.  Here  is  a  piece  of  boiler-steel  of 
53,000  pounds  per  square  inch  and  34  per  cent,  elongation  in  8 
inch  section;  yet  it  could  not  stand  doubling  upon  itself  and 
cracked  open  while  these  pieces  of  56  and  59,000  pounds  per 
square  inch  and  28  per  cent,  elongation  could  be  doubled,  show¬ 
ing  a  beautiful  velvety  surface  on  the  convex  side.  How  to 
produce  such  metal  is  the  manufacturer’s  lookout.  That  it  can 
be  done  without  increase  of  cost,  but  by  exercise  of  proper  care 
and  judgment  in  the  mill,  seems  to  be  proven  by  the  hundreds 
of  similar  cases  coming  under  my  observation,  with  metal  of  the 
same  price  from  different  makers  or  from  the  same  maker  made 
at  different  times. 

As  to  the  beneficial  effects  of  proper  annealing  on  steel,  of  which 
Mr.  Colby  speaks,  there  is  nowadays  but  one  opinion  as  to  the 
great  value  of  this  method  whenever  it  is  practicable  to  apply  it. 
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IV. 


THE  OUEEN  LANE  DIVISION  OF  THE  WATER  WORKS  OF 

PHILADELPHIA. 

PART  V*.— THE  RESERVOIR. 

(a)  CONSTRUCTION. 

By  Amasa  Ely!,  Active  Member. 

Read,  March  20,  1897. 

Site. — The  Queen  Lane  Reservoir  is  located  midway  between 
the  Falls  of  Schuylkill  and  Germantown,  upon  a  plateau  sloping 
toward  the  south,  its  boundaries  being  Thirty-third,  Queen  and 
Thirty-first  Streets  and  Abbottsford  Avenue.  (Fig.  1.) 

Geological  Foliation. — Underlying  the  top  soil  on  this  tract  are 
the  gneiss  rock  and  mica-schist,  so  common  in  and  about  Phila¬ 
delphia.  Near  the  surface,  these  rocks  are  more  or  less  decom¬ 
posed.  Thus,  we  have,  immediately  over  the  solid  rock,  the  same 
rock  in  a  partly  disintegrated  condition,  while  higher  up  it  has 
become  reduced  to  a  nearly  sandy  condition,  and  consists  chiefly 
of  mica  and  quartz.  Overlying  this,  and  nearly  continuous  over 
the  site,  is  a  layer,  varying  from  18  to  30  inches  in  thickness,  of 
a  sandy  clay,  and  upon  this  rests  the  top  soil. 

Embankments. — The  embankments  of  the  reservoir  are  com¬ 
posed  chiefly  of  the  decomposed  micaceous  rock  found  upon  its 
site.  The  outer  slopes  vary  from  1.3:  1  to  l.S:  1  (Fig,  2),  while 
the  inner  slope  is  uniformly  1.64:  1.  The  normal  top  width  of 
the  bank  is  18  feet.  At  the  southwest  corner,  where  the  carriage 
way  encroaches  upon  the  banks,  the  top  width  is  reduced  to  16 
feet,  but  at  all  other  points  it  is  at  least  18  feet.  The  height  of 
the  embankment  varies  from  17  feet  at  the  northeast  corner, 

*  For  Parts  I  to  IV,  see  Vol.  XIII,  pages  35,  41,  47,  and  245. 

f  This  contribution  is  the  text  of  a  report  made  by  Mr.  Ely,  in  1895,  to  Messrs. 
Rudolph  Hering,  C.  W.  Raymond  and  John  C.  Trautwine,  Jr.,  experts  appointed  bv 
Mr.  Thomas  M.  Thompson,  Director  of  the  Department  of  Public  Works,  to  investi¬ 
gate  the  condition  of  the  reservoir.  Mr.  Ely’s  re{>ort  was  published  in  that  of  the 
Bureau  of  Water  for  1895.  Mr.  Ely’s  death  having  prevented  his  presentation  of  a 
paper  upon  the  subject,  this  report  is  submitted  as  the  best  obtainable  substitute. 
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where  the  natural  surface  is  highest,  to  about  40  feet  at  the  north¬ 
west  corner,  where  the  natural  surface  is  lowest. 

Core  Wall. — Near  the  centre  of  the  embankment  is  a  core  wall, 
composed  principally  of  the  sandy  clay  found  upon  the  site  of 
the  reservoir. 


Fig.  1. — Topographical  Plan  of  Reservoir  and  Vicinity. 

Construction. — Work  on  the  construction  of  the  reservoir  was 
begun  October  10,  1892,  by  stripping  off  the  timber  and  brush, 
and  removing  the  top  soil.  After  the  removal  of  the  top  soil, 
the  puddle  trench  was  dug  to  a  depth  of  three  to  five  feet,  or  half 
the  width  of  the  puddle  wall  at  its  starting  point.  The  foot  of 
this  wall  is,  in  all  cases,  in  the  decomposed  micaceous  rock. 
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The  contractors  were  authorized  to  use,  in  the  puddle  wall 
and  on  the  bottom  of  the  bank  between  the  puddle  wall  and 
the  inner  lining  (See  Fig.  2),  the  clay  found  on  the  reservoir 
property,  and  this  material  was  used  throughout  the  entire 
length  of  the  puddle  wall,  except  across  the  railroad  openings 
and  over  the  low  ground  near  the  north  end  of  the  west  bank, 
and  east  of  the  southwest  corner.  At  the  latter  places  clay  from 
the  outside  clay  pits  was  used  from  the  bottom  of  the  puddle  wall 
to  about  half  way  up  the  embankment,  above  which  point  clay 
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from  the  reservoir  ground  was  used.  The  entire  puddle  wall 
across  the  railroad  openings  was  built  up  with  clay  from  the  out¬ 
side  pits.  The  material  for  the  puddle  wall  was  placed  and  rolled 
at  the  same  time  with  that  for  the  banks. 

The  clay  found  in  place  on  the  site  of  the  bank  between  the 
core  wall  and  the  inner  slopes  was  broken  up  with  plows  and 
shovels,  and  afterward  rolled  and  left  in  place.  It  was  not  rein¬ 
forced  with  clay  from  the  outside  pits. 

The  top  soil  was  completely  stripped  from  the  base  of  the  bank, 
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and,  where  the  natural  surface  had  a  slope  toward  the  outside  of 
the  bank,  as  near  the  northwest  and  southwest  corners,  steps  were 
cut  into  the  original  surface  to  break  the  slope,  as  shown  in  Fig. 
2.  All  around  the  outside  of  the  embankment,  a  toe,  about  18 
inches  deep,  was  cut  to  receive  the  foot  of  the  outside  bank. 
Across  the  low  ground  already  mentioned,  this  toe  was  made 
about  2  feet  to  2  feet  6  inches  deep. 

.A rr/ain/gcment  Or  Rolls  orJ'  »j.  toW'  Steam:  Roller. 
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Fig.  3. 


The  work  of  building  the  banks  was  begun  October  31,  1892. 
The  material  for  the  embankment  was  brought  to  place  by  wheel 
and  drag-scrapers,  carts,  and  trains  from  the  steam-shovels.  That 
delivered  by  the  trains  was  dragged  out  in  layers  with  drag- 
gcrapers.  The  material  of  the  bank  on  the  inner  side  of  the  pud¬ 
dle  wall  contained  comparatively  few  large  stones,  while  in  the 
outside  filling  the  number  of  large  stones  is  considerably  greater. 
The  material  under  the  concourse  and  roadways,  and  beyond  the 
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outer  slopes  of  the  typical  bank,  is  the  poorest  taken  from  the 
excavation,  and  contains  stones  varying  in  size  from  a  few  inches 
to  18  or  20  cubic  feet.  The  concourse,  having  been  used  also  as  a 
waste  dump,  contains  refuse  building  material,  top  soil  and 
stumps.  The  material  under  the  concourse  and  roadways  was 
not  rolled.  The  contractors  were  authorized  to  make  the  fill, 
above  the  water  line,  from  the  rotten  rock  stratum,  and,  although 
this  portion  was  rolled  with  the  steam-roller,  there  are  a  number 
of  unbroken  large  stones  above  that  level.  The  embankment 

- Pass  Pipes. - 


Fig.  4. 

was  rolled  in  layers  of  from  6  to  9  inches  with  two  grooved  steam¬ 
rollers  (Fig.  3),  each  weighing  12  tons.  Sprinklers  were  used  to 
moisten  the  material,  except  after  a  rain.  Within  the  enclosure 
formed  by  the  embankments,  the  material  immediately  under 
the  top  soil  was  removed  by  wheeled  and  drag  scrapers  and  carts. 
The  lower  strata  were  removed  by  drag  scrapers  (on  the  part 
next  to  the  banks),  by  wheeled  scrapers  (nearer  the  center),  and 
by  steam  shovels  (in  the  central  portion).  Where  the  sub-grade 
was  in  rock,  the  excavation  was  made  from  4  to  8  inches  deeper 
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than  sub-grade,  in  order  to  leave  as  few  points  as  possible  pro¬ 
jecting  above  sub-grade.  The  bottom  was  then  staked  off  in 
squares  of  50  feet  on  a  side,  and  the  ground  was  carefully  leveled 
between  these  stakes,  the  hollows  being  filled  with  decomposed 
rock,  which  was  then  rolled  with  a  12-ton  grooved  steam-roller 
(Fig.  3).  Any  small  projections  still  remaining  above  sub¬ 
grade  were  removed  with  rock  wedges  and  picks ;  larger  projec¬ 
tions  were  removed  by  blasting.  Where  the  surface  under  the 
top  soil  was  lower  than  sub-grade,  viz. :  in  the  northwest  corner 
of  the  north  basin  (See  Fig.  1)  and  (to  a  very  small  extent)  along 
the  south  bank  of  the  south  basin,  the  surface  was  brought  up  to 
sub-grade  by  filling  in  with  “  best  filling  material  deposited  in 
layers,  as  in  the  banks,  and  rolled  with  the  grooved  steam-roller, 
shown  in  Fig.  3. 


*  SECTION  Taken  ok  B*o*£k  Lint  X-T*  ' 1  « 

Fig.  5. 

Pass-pipes,  Fig.  4. — Where  the  lower  pass-pipes  are  laid  through 
the  division  bank  (Fig.  4),  the  trenches  are  thoroughly  rammed 
with  clay  from  the  bottom  to  18  inches  above  the  pipe,  and  for 
18  inches  around  the  well. 

The  piers  A,  A,  supporting  these  pass-pipes  are  built  T-shape 
in  plan,  the  arm  indicated  by  the  dotted  line  running  out  about 
24  feet  from  the  pier,  thus  giving  about  4J  feet  support  to  every 
joint.  The  sides  of  the  trenches  are  grooved  vertically  between 
every  two  piers,  as  shown,  so  as  to  give  a  broken  surface  to  the 
clay  puddle  along  the  side.  On  each  side  of  the  well  the  clay 
puddle  is  counter-sunk  in  the  bottom  of  the  trench  about  15 
inches.  The  upper  pass-pipes  were  laid  upon  T-shaped  piers  in 
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the  same  manner  as  the  lower  ones,  and  the  space  between  the 
pipe  and  surrounding  piers  was  rammed  with  clay.  The  clay 
was  also  continued  around  the  stop-well  in  the  center  of  the 
bank. 

Inlet  Pipes.  Fig.  5. — The  two  48-inch  inlet  pipes  are  laid  up 
the  outer  slope  of  the  bank,  from  its  foot  at  Thirty-third  and 
Bowman  Streets,  to  the  vault  under  the  inlet  pool.  They  have 
about  two  feet  of  earth  covering  on  the  slope,  and  within  the 
vault  they  are  laid  upon  a  series  of  brick  piers  which  rest  on  a 
foundation  consisting  of  rubble  masonry  2  feet  in  thickness,  over 
a  layer  of  concrete  4  feet  thick.  At  the  rear  end  of  the  vault  the 
two  48-inch  pipes  converge  into  a  72-inch  pipe  which  makes  a 
quarter  turn  into  a  vertical  position,  emerging  from  the  embank¬ 
ment  at  the  center  of  the  inlet  pool,  from  which  the  water  flows 
into  the  two  basins  over  aprons  lined  with  blue-stone  slabs  set 
on  edge. 

Stop-Houses.  Fig.  6. — The  spaces  between  the  stop-houses 
and  the  sides  of  the  excavations  and  embankments  adjoining 
them,  are  thoroughly  rammed  with  clay,  as  indicated  in  Fig.  6. 

Clay  Lining. — The  bottom  and  the  inner  slopes  of  the  reservoir 
(Fig.  2),  are  lined  throughout  with  two  feet  of  clay  taken  princi¬ 
pally  from  a  field  in  the  low  ground  just  south  of  the  hill  on  which 
the  reservoir  is  built.  Some  clay  was  brought,  also,  from  other 
localities  within  the  City  limits.  The  clay  lining  of  the  slopes  was 
put  on  during  the  season  of  1893,  starting  with  the  west  bank  in 
the  north  basin.  After  the  completion  of  each  bank  the  addition 
of  its  clay  lining  was  begun.  The  clay  was  spread  thinly,  in  hori¬ 
zontal  layers,  2  or  3  inches  thick,  and  kept  moist  by  sprinkling 
with  a  hose.  A  line  of  one  inch  pipe  was  run  around  the  entire 
bank,  with  hose  connections  spaced  a  short  distance  apart,  to  pro¬ 
vide  water  for  sprinkling  purposes,  and  afterward  for  mixing  the 
concrete.  The  clay  was  rolled  with  an  iron-grooved  roller,  weigh¬ 
ing  about  one  ton,  and  drawn  by  two  mules  harnessed  tandem. 
The  clay  for  the  bottom  lining  was  delivered  during  the  fall  of 
1893  and  the  winter  following,  and  but  a  small  portion  of  it  was 
rolled  in  place  before  the  spring  of  1894.  It  was  rolled  in  five  or 
six  layers  parallel  to  the  bottom  of  the  reservoir,  with  a  steam  roller 
weighing  12  tons  (Fig.  3),  and,  except  where  moistened  by  rain, 
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was  sprinkled  by  sprinkling  carts  and  wagons.  L  pon  the  slopes 

this  clay  is  overlaid  with  concrete  slabs  10  leet  wide,  66J  feet 
*/ 
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Fig.  6. 

long,  and  varying  in  thickness  from  G  inches  at  the  top  to  12 
inches  at  the  foot.  (Fig.  2.) 
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Fia.  7.  Plan  Showing  Locations  of  Pumping  Station,  Pumping  Main  and  Reservoir. 
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Profile  of  Pumping  Main. 
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Fig.  10. — Laying  Cement  Concrete  on  Floor. 
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Conci'ete  Lining. — These  slabs  are  supported  entirely  by  the 
clay  lining  underneath  them.  The  bottom  of  the  reservoir  is 
covered  by  a  concrete  lining  4  inches  in  thickness,  which  rests 
upon  the  clay  lining.  The  edges  of  this  bottom  lining  of  con¬ 
crete  overlap  the  feet  of  the  concrete  slabs  on  the  slopes  as  indi¬ 
cated  in  the  figure.  The  concrete  for  the  bottom  and  slope 
lining  was  mixed  as  follows :  Two  parts  of  sand  and  one  part  of 
cement  were  spread  evenly  upon  the  mixing  board,  and  turned 
and  raked  until  well  mixed,  when  enough  water  was  added  to 
make  a  thin  mortar,  after  which  four  parts  of  broken  stone  were 
spread  evenly  over  the  mortar  and  mixed  with  it.  In  a  portion 
of  the  bottom  lining  of  the  south  basin,  blast-furnace  slag  was 
substituted  for  the  stone.  After  the  bottom  concrete  was  rammed 
in  place  until  the  mortar  appeared  on  the  surface,  a  dryer,  com¬ 
posed  of  one  part  cement  and  two  parts  sand,  was  thrown  over 
the  surface,  which  was  then  floated  until  all  stones  appearing  on 
top  were  covered,  and  a  comparatively  smooth  finish  obtained. 
On  the  slope  concrete,  a  separate  finish,  composed  of  one  part 
cement  and  two  parts  sand,  was  used.  The  slope  concrete  and 
finish  are  of  the  same  character  as  that  placed  as  a  sample  in 
East  Park  Reservoir.  The  cement  used  on  the  lining  was  all 
imported,  and  of  the  Hilton,  Burham  and  Ilemmoor  brands. 
With  the  exception  of  shaping  up  the  outer  slopes  in  a  few 
places,  and  a  few  square  yards  of  sodding,  the  work  was  finished 
by  October  1,  1894. 

DISCUSSION. 

Mr.  John  Birkinbine. — It  was  not  my  purpose  to  discuss  the 
Queen  Lane  Reservoir  at  this  time,  but  as  the  President  has 
called  me  to  my  feet  I  would  say  that  while  the  location  selected 
may  not  have  been  advisable,  or  the  best  that  could  have  been 
secured,  the  fact  that  the  territorv  on  which  the  reservoir  is 
located  now  supports  its  embankments,  and  the  large  amount  of 
water  they  contain,  prove  that  the  locality  was  not  responsible 
for  its  leaking.  In  the  absence  of  the  one  whom  Mr.  Trautwine 
says  had  a  more  intimate  knowledge  of  Queen  Lane  Reservoir 
than  any  one  else  it  is.  difficult  to  discuss  details  which  have  not 
been  presented.  This  reservoir  has  been  before  the  public  and 
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before  the  court,  and  some  very  severe  strictures  have  been  made 
upon  it,  but  it  seems  to  me  that  we, can  learn  two  lessons,  with¬ 
out  intimating  any  dishonesty  on  the  part  of  anyone  connected 
With  it  either  in  the  capacity  of  engineer  or  contractor. 

The  first  of  these  lessons  is  in  making  our  specifications  com¬ 
plete  and  thorough ;  the  second  is  in  seeing  that  the  specifica¬ 
tions  are  lived  up  to,  without  change.  While  the  specifications 
were  evidently  imperfect  in  a  number  of  particulars,  a  careful 
examination  of  them  convinced  me  that  a  proper  interpretation 
of  their  provisions  in  the  light  of  the  duty  expected  of  the  reser¬ 
voir  would  have  produced  work  of  a  satisfactory  character  and 
prevented  the  scandal  which  has  fallen  upon  this  work. 

From  investigations  I  .am  lead  to  believe  that  changes  from 
the  specifications  are  largely  responsible  for  the  defective  condi¬ 
tion  of  the  reservoir.  The  use  of  puddling  material  which  had 
been  interdicted  cannot  be  excused,  and  while  the  substitution 
of  concrete  slabs  for  brick  lining  may  have  been  suggested  by 
the  contractors,  and  accepted  by  the  Bureau  in  the  belief  that  it 
would  be  an  improvement,  this  change  seems  to  me  to  be  largely 
responsible  for  the  defects  which  developed.  We  would  scarcely 
consider  a  series  of  slabs,  over  60  feet  in  length,  10  feet  in  width, 
ranging  from  6  to  12  inches  in  thickness,  as  desirable  to  be  laid 
on  a  well  compacted  and  settled  street,  but  such  slabs  were  placed 
upon  new  earth  slopes,  and  any  settlement  jeopardized  their 
integrity.  Continuous  joints  between  slabs  running  from  top  to 
bottom  of  slope  made  gutters  down  which  a  considerable  volume 
of  water  flowed,  and  overflowed,  while  the  reservoir  was  under 
construction,  and  wherever  these  slabs  cracked,  opportunity  for 
the  water  to  cut  a  way  to  the  puddle  was  offered.  Had  brick 
lining  been  used  it  would  have  settled  with  the  bank,  and  showed 
any  imperfect  work,  but  it  may  be  possible  with  the  concrete 
slabs  to  have  large  cavities  undiscoverable  until  the  pressure  on 
the  slab  caused  breakage. 

Mr.  L.  Y.  Schermerhorx. — With  our  attention  now  directed 
to  the  difficulties  involved,  present  conclusions  are  more  the  re¬ 
sult  of  hindsight  than  foresight.  We  can  now  see  what  the 
difficulties  were ;  but  when  the  suggestion  is  made  that  the  speci¬ 
fications  should  have  adequately  provided  for  all  the  conditions 
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of  construction  as  determined  by  experience,  I  should  be  inclined 
to  take  issue.  I  do  not  believe  that  specifications  can  be  drawn 
to  cover  a  large  work  of  that  kind — unless  based  on  inspiration — 
which  will  apprehend  at  the  beginning,  from  the  planner’s  stand¬ 
point,  all  the  conditions  likely  to  arise  in  construction,  so  that 
necessary  provision  can  be  made  therefor.  It  seems  to  me  that  it 
should  be  results  that  are  aimed  at,  rather  than  a  specified  series 
of  instructions  to  contractors  how  to  accomplish  such  results. 
Would  it  not  be  better  in  works  of  this  kind  that  the  results  be 
guaranteed,  and  the  contractor  not  tied  hand  and  foot  with  de¬ 
tailed  specifications?  I  do  not  believe  that  the  human  mind  is 
so  constituted  that  it  can  apprehend  all  possible  contingencies 
and  difficulties  likely  to  arise.  Of  course  it  opens  up  this  question  ; 
if  it  is  results  that  are  aimed  at,  the  contractor  should  not  be 
bound  to  detailed  plans :  since  if  so  bound  he  has  no  discretion 
in  the  matter,  and  is  not  responsible  for  results  which  may  follow. 

Now  as  to  the  question  to  which  Mr.  Birkinbine  alludes  specify¬ 
ing  concrete  slabs  for  the  covering  to  the  interior  slopes.  Very 
probably,  in  the  light  of  experience,  brick  pavement  might  have 
been  better,  but  under  the  supposition  that  the  concrete  slabs 
were  to  be  thoroughly  constructed,  and  not  exposed  to  any  marked 
tendency  to  settlement,  then  settlement  would  naturally  not  be 
anticipated.  If  you  presuppose  large  concrete  slabs  of  maximum 
integrity,  with  uniform  settlement  of  the  slopes,  then  such  slabs 
would  not  interfere  with  the  proper  action  of  a  covering  which 
extended  over  very  large  surfaces. 

In  this  same  connection  it  seems  to  me  that  great  reliance  must 
be  placed  on  puddle-walls.  I  remember  thirty  years  ago  a  state¬ 
ment  made  by  William  McAlpine,  who  probably  stood  at  the 
head  of  the  profession  of  his  day,  as  an  engineer  with  very  large 
experience,  who  had  been  called  upon  to  design  reservoirs  which 
involved  some  of  the  largest  systems  of  water  works  in  the 
United  States.  If  I  remember  rightly  he  objected  to  clay  pure 
and  simple,  under  the  general  statement  that  the  purer  the  clay 
the  poorer  the  puddle  wall.  The  puddle  wall  he  recommended 
above  all  others,  as  meeting  the  requirements  of  a  proper  puddle 
wall,  was  one  composed  of  coarse  gravel,  free  from  sand,  with 
the  interstices  between  the  particles  of  gravel  thoroughly  filled 
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with  loam.  That  was  his  ideal  puddle  wall,  and  I  remember  his 
dwelling  upon  its  advantages  at  length. 

I  have  never  seen  such  a  puddle  wall  built,  but  from  what  I 
know  of  Mr.  McAlpine  I  feel  assured  that  it  was  not  pure  theory 
with  him,  but  rather  conclusions  based  on  experience.  In  the 
discussion  that  followed,  he  called  attention  to  the  advantage  of 
a  puddle  wall  of  the  kind  described.  An  ordinary  .clay  puddle 
wall  might  have  openings  through  it  which  went  on  enlarging 
and  undetected  until  it  suddenly  gave  way,  while  in  a  puddle 
wall  built  of  the  materials  indicated,  gravel  mixed  with  loam,  a 
small  opening  would  be  immediately  closed  with  material  falling 
down  into  it  from  above,  and  the  disintegration  of  the  wall  in¬ 
dicated  and  arrested  by  a  sinking  of  the  material  at  the  top  of 
the  wall.* 

Mr.  Birkinbine. — I  fully  agree  with  Mr.  Schermerhorn’s 
criticism  as  to  inelastic  specifications,  and,  as  I  have  stated  in 
another  discussion,  consider  these  as  unwise.  My  reference  to  the 
Queen  Lane  specification  may  be  illustrated  by  the  statement 
that  the  details  of  fence  construction  which  was  to  go  around  the 
completed  reservoir,  specified  the  exact  size  and  spacing  of  holes 
in  the  posts,  and  even  the  size  of  screws  to  be  used,  but  left 
important  matters,  such  as  the  method  of  placing  the  puddle  in 
the  bottom,  to  be  determined  by  inference  rather  than  direct 
phraseology. 

Mr.  E.  M.  Nichols. — I  have  not  had  much  experience  in  build¬ 
ing  reservoirs  myself,  but  referring  to  the  lining  and  the  bottom 
of  a  reservoir,  it  is  a  pretty  hard  matter  to  get  a  large  body  of 
concrete  to  stay  in  one  place  all  the  time.  M  e  have  none  of  us 
seen  a  large  slab  of  that  kind  stay  intact,  and  this  calls  to  mind  a 
specification  that  the  City  Engineer  of  Minneapolis  read  to  me,  it 
being  a  part  of  the  specifications  of  a  storage  reservoir  now  being 
built  by  that  city.  In  that  specification  the  lining  and  bottom 
was  specified  to  be  of  concrete  slabs  or  blocks,  not  less  than  six 
inches  thick,  not  over  four  feet  on  any  side,  and  one  inch  apart, 


*  Subsequently  Mr.  Edwin  F.  Smith  informed  me  that  he  remembered  the  above 
statement  of  Mr.  McAlpine,  and  had  since  used  such  puddle  walls,  composed  of  gravel 
and  loam,  with  the  greatest  success. 
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the  interstices  to  be  filled  up  with  asphalt  cement.  It  appeared 
to  me  a  good  scheme,  as  it  gave  a  large  amount  of  elasticity  not  to 
be  obtained  in  the  larger  slabs.  I  think  recent  repairs  have  shown 
that  was  a  good  thing  to  follow  up  so  as  to  secure  a  large  amount 
of  elasticity  and  not  to  have  units  too  large. 

(Communicated  l>iscus»ions.) 

Mr.  Edwin  F.  Smith. — The  derails  of  construction  of  the 
Queen  Lane  Reservoir  are  so  complicated  that  it  would  take  up 
the  time  of  the  Club  unnecessarily  to  undertake  to  cover  the 
entire  ground.  Moreover,  no  less  than  three  reports  upon  the 
plans  and  specifications  and  the  character  of  the  contract  work 
have  been  made  by  expert  engineers,  so  that  it  would  seem  idle 
to  prolong  the  discussion. 

I  will  therefore  confine  myself  to  calling  attention  to  some 
essentials  of  reservoir  construction,  applicable  not  only  to  Queen 
Lane,  but  to  all  others  of  its  class. 

The  subject  under  discussion  is  naturally  divided  into  three 
parts,  namely,  the  substructure,  superstructure,  and  the  char¬ 
acter  of  the  material  employed  in  the  construction. 

First :  The  Substructure. — It  will  be  recognized  among  those 
engineers  who  have  had  to  do  with  the  building  of  reservoirs, 
canals  and  hydraulic  works  in  general,  that  it  is  exceedingly 
difficult  to  write  a  specification  which  will  cover  completely 
every  detail  of  the  substructure  of  such  works.  Very  much 
depends  upon  the  character  of  the  earth  or  of  the  rock  under¬ 
neath. 

By  substructure  I  mean  every  part  of  the  work,  whether  in 
excavation  or  embankment,  lying  below  the  natural  surface  of 
the  ground.  In  the  case  under  discussion  and  in  all  others 
in  which  the  contract  is  made  for  a  lump  sum,  it  will  readily  be 
seen  that  it  is  of  the  highest  importance  that  the  nature  of  the 
ground  should  be  thoroughly  understood  and  exhibited  on  the 
plans  for  the  information  of  contractors  at  the  letting. 

If  it  were  permitted  to  base  the  contract  upon  yardage,  and  it 
were  left  to  the  discretion  of  the  engineer  in  charge,  to  say  to 
what  depth  the  foundations  should  be  carried,  there  would  be  no 
incentive  on  the  part  of  the  contractors  to  limit  the  quantity  of 
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work  to  a  minimum.  The  depth  of  puddle  trenches,  and  exca¬ 
vation  for  bottom  lining  might  then  be  left  for  determination  as 
the  work  progressed.  In  the  City  of  Philadelphia,  however,  all 
work  done  for  the  municipality  must  be  for  a  lump  sum,  and  we 
therefore  tied  to  that  condition  in  this  case. 

I  would  say  that  the  first  step  in  fixing  the  data  for  the  specifi¬ 
cations  for  a  lump  sum  contract,  after  surveying  the  ground,  and 
marking  out  the  lines  of  the  reservoir,  would  be  the  making  of 
systematic  borings  to  ascertain  the  character  of  the  ground  to 
determine  the  full  depth  to  which  the  substructure  must  be 
carried.  A  number  of  random  test  holes  over  the  area  to  be 
covered  will  not  answer  the  purpose. 

It  must  be  known  in  advance  what  is  to  be  the  character  of 
the  superstructure,  the  cross-section  of  the  embankments  on  all 
sides,  the  location  and  size  of  cove  wall,  if  there  is  to  be  one,  the 
size  and  location  of  gate  houses,  and  any  other  parts  which  will 
be  affected  by  the  foundations  upon  which  they  are  to  stand. 

Obviously,  one  of  the  most  important  of  these  is  the  cove  wall, 
for  I  do  not  see  how  that  detail  could  be  omitted  from  such  a 
reservoir  as  Queen  Lane,  on  such  a  foundation.  Fora  lump  sum 
contract,  soundings  or  borings  should  be  made,  say,  100  feet  - 
apart,  in  the  center  line  of  the  cove  wall,  for  the  determination 
of  the  proper  depth  of  foundation,  and  a  profile  of  the  same 
should  be  exhibited  at  the  letting  for  the  information  of  contrac¬ 
tors.  The  same  applies  to  cross-sections  of  the  reservoir  bottom, 
the  foundation  of  gate  houses,  etc. 

It  is  not  enough  to  say  what  a  contractor,  when  he  engages  to 
build  a  reservoir  for  a  lump  sum,  should  deliver  to  the  city  one  that 
will  hold  water.  The  city  takes  upon  itself,  as  one  of  the  parties 
to  the  contract,  the  furnishing  of  the  plans  and  specifications, 
and  it  should  give  to  the  contractor  all  the  details.  Nothing  should 
be  left  in  doubt.  It  should  not  even  be  considered  that  a  change 
in  the  plans,  such  as  raising  the  elevation  of  the  bottom  of  the 
reservoir,  will  compensate  a  contractor  for  a  lack  of  knowledge,  of 
the  exact  conditions  at  the  letting. 

In  the  case  before  us,  it  would  have  been  much  less  expensive 
for  the  city  to  have  furnished  full  details  before  a  letting,  than  to 
have  made  the  costly  repairs  necessary  to  add  a  concrete  and 
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cement  masonry  footing  wall  under  the  inner  slope  after  the  com¬ 
pletion  of  the  reservoir,  as  a  substitute  for  a  properly  founded 
core  wall,  omitted  in  the  original  plans. 

I  would  urge,  in  drawing  the  specifications  for  reservoirs, 
whether  formed  by  a  single  embankment  across  a  valley  for  im¬ 
pounding  purposes,  or  enclosed  on  all  sides,  and  elevated  above 
the  surrounding  country,  as  at  Queen  Lane,  the  necessity  of  pro¬ 
viding  in  the  specifications  for  carrying  the  foundations  or  sub¬ 
structure  to  a  considerable  depth  below  the  natural  surface,  in 
order  to  prevent  subterranean  infiltration.  This  applies  not  only 
to  the  core  wall  or  puddle  trench,  or  whatever  plan  may  be 
adopted  to  intercept  the  flow  of  water,  whether  from  leakage  or 
seepage,  but  also  to  the  foundation  of  the  embankment  itself.  In 
other  words,  a  reservoir  should  not  be  built  up  from  a  natural 
surface  rudely  prepared  by  grubbing  and  clearing  and  carting 
off  the  top  soil.  Even  so  seemingly  unimportant  a  matter  as 
locking  the  outer  half  of  the  embankment  into  the  natural  sur¬ 
face  should  be  carefully  guarded  in  the  specifications. 

If  the  process  I  have  indicated  is  followed,  and  the  information 
exhibited  on  the  plans,  it  becomes  an  easy  matter  for  an  intelli¬ 
gent  contractor  to  bid  upon  the  work  with  a  reasonable  certainty 
of  coming  out  whole  on  the  substructure,  as  that  part  of  the  work 
is  not  the  most  difficult  of  execution,  and  it  is  generally  estimated 
upon  at  paying  prices.  It  would  also  save  the  necessity  of  admit¬ 
ting,  as  has  been  done  in  the  reports  on  the  condition  of  the  Queen 
Lane  Reservoir,  that,  “  in  a  number  of  places  where  the  eleva¬ 
tion  of  the  surface  was  high,  the  foot  of  the  core  wall  was  higher 
than  the  bottom  of  the  reservoir,  so  that  the  wall,  even  if  impervi¬ 
ous,  could  not  have  intercepted  any  leak  having  its  origin  at  the 
level  of  the  bottom  of  the  reservoir.” 

Second:  The  Superstructure. — I  know  that  I  am  treading  on 
dangerous  ground  when  I  criticise  the  practice  of  the  City  of 
Philadelphia,  in  its  plans  for  reservoir  embankments,  but  I 
think  it  is  not  too  late,  as  other  reservoirs  are  in  contemplation, 
to  call  attention  to  the  fact  that  slopes  from  2 :  1  to  2A  :  I  for  the 
inner,  and  from  U  :  1  to  2 :  1  for  the  outer  slope,  are  necessary 
to  insure  stability,  the  precise  inclination  for  earthwork  varying 
to  suit  the  character  of  the  material  used,  and  the  height  of  the 
embankment. 
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In  the  case  before  us,  the  inner  slopes  are  1.64:  1,  and  the 
minimum  outer  slope  before  reconstruction  1.3  :  1.  Better  use 
would  have  been  made  of  the  same  quantity  of  material  if  the 
top  width  of  embankment  had  been  decreased,  and  the  bottom 
width  increased,  resulting  in  flatter  slopes.  Flat  slopes  are  espe¬ 
cially  necessary  when  the  material  forming  the  embankment  is  of  either 
a  micaceous  or  a  talcose  nature. 

Also  in  the  Queen  Lane  design,  I  do  not  like  the  position  of 
the  core  wall.  I  would  much  prefer  to  place  it  under  the  center 
line  of  embankment,  and  to  use  a  concrete  or  masonry  wall  of  less 
cross-section,  started  in  a  trench,  excavated  in  the  solid  rock, 
and  carried  up  to  a  height  of  ten  feet  or  more  above  the  level  of 
the  natural  surface  of  the  ground.  In  a  former  discussion  on 
reservoir  construction,  I  said  :  “  No  dependence  at  all  ought  to  be 

* 

placed  upon  a  puddle  core  in  the  heart  of  the  bank.  Such  con¬ 
struction  inevitably  leads  to  carelessness  in  the  selection  of  material  for 
the  inner  and  outer  slopes  :  the  inner  slope  being  usually  the  best 
material  obtainable  in  the  vicinity,  and  the  outer  slope  being 
the  refuse  of  the  borrow  pit,  dumped  promiscuously  outside  the 
clay  puddle  wall ;  and  -as  to  this  latter,  the  purer  the  clay  the  more 
dangerous  it  becomes  in  case  of  a  leak.'" 

The  puddle-clay  core-wall  construction  leads  to  over-confi¬ 
dence  in  that  part  of  the  work.  The  contractor  is  apt  to  look 
upon  it  as  the  main  protection  against  leakage,  whereas  it  is  just 
as  important  that  the  whole  inner  half  of  the  embankment 
should  be  built  of  selected  material  suitable  for  the  purpose , 
properly  mixed  and  tempered  and  rolled  to  place. 

Another  detail  which  I  am  disposed  to  criticise,  is  the  manner 
of  supporting  the  pass-pipes.  Years  ago  it  was  the  almost  uni¬ 
versal  practice  to  carry  pipes  through  reservoir  embankments 
on  brick  or  stone  piers,  one  to  each  joint,  with  the  intervening 
spaces  puddled  with  blue  clay,  and  to  some  extent  that  method 
is  still  followed. 

I  have  known  some  very  bad  accidents  to  follow  such  con¬ 
struction.  In  one  case,  that  of  an  impounding  reservoir  carrying 
41  feet  of  water,  with  embankment  47  feet  high  above  the  pipes, 
an  accident  occurred  thirty-five  years  after  construction,  caused 
by  the  breaking  of  the  pipes  between  piers  set  9  feet  from  center 
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to  center.  This  would  have  caused  a  disaster  in  the  valley  below 

* 

the  dam,  but  for  its  timely  discovery. 

Pipes  should  always  be  laid  on  a  continuous  foundation  of 
cement  masonry,  or  better,  of  concrete,  carried  up  to  the  top  of 
the  pipe  or  nearly  so.  There  should  be  cut-off  walls  or  piers  at 
intervals  carried  to  a  height  of  18  inches  or  2  feet  above  the  top 
of  the  pipe.  .  . 

Third:  The  Character  of  the  Material  Employed  in  the  Construc¬ 
tion. — I  think  it  will  not  be  questioned  that  a  specification  easily 
understood  by  contractors  can  be  drawn  for  all  the  materials 
entering  into  reservoir  construction,  except  for  the  embankments. 
Even  the  composition  of  cement  concrete  is  now  so  well  un¬ 
derstood  that  there  need  be  no  misunderstanding  of  that  detail. 
But  when  we  come  to  the  definition  of  puddle  material,  puddle 
clay,  puddle  formed  of  gravel  and  clay,  etc.,  the  descriptions  in 
the  specifications  are  apt  to  differ  one  from  another  quite  as  much 
as  the  materials  themselves. 

Mr.  Clemens  Herschel,  C.E.,  once  said  in  discussing  the  sub¬ 
ject  of  the  proper  material  for  use  in  the  construction  of  reservoir 
embankments:  “This  is  a  subject  in  which  theory  and  its  dis¬ 
cussion  must  play  a  part  subordinate  to  that  of  judgment  trained 
by  sight  and  tovxh,  in  the  actual  handling  of  earth  and  gravel.  "  (The 
absence  of  the  word  clay  is  noticeable.)  And  again  :  “  The 
characteristics  of  the  materials  to  be  considered,  although  clearly 
enough  impressed  upon  the  mind  of  the  practitioner,  are  not 
readily  defined  in  writing .” 

I  quote,  also,  from  Mr.  Alphonse  Fteley,  C.E.,  who  says:  “  I 
have  often  remarked  the  great  divergence  of  opinions  expressed 
by  engineers,  in  regard  to  the  quality  of  materials  and  to  the 
methods  of  construction  to  be  adopted,  for  the  erection  of  struc¬ 
tures  wholly,  or  partially  made  of  earth,  and  I  think  that  such 
divergence  must  be  largely  attributed  to  the  differences  existing 
between  the  materials  used,  which ,  although  designated  by  the  same 
general  names  of  earth,  loam,  sand,  gravel,  clay,  hard-pan,  etc., 
may  represent  widely  different  characteristics  of  size  and  compo¬ 
sition!” 

I  think  it  will  be  recognized  that  it  is  a  difficult  matter  to 
accurately  describe  in  a  specification,  a  material  the  nature  of 
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which  can  only  be  determined  by  sight  and  handling.  It  is 
likewise  quite  as  difficult  to  describe  in  writing  the  manipulation 
and  use  of  the  same  material  when  that  is  a  matter  which  must 
be  left  to  the  practiced  eye  and  trained  hand  of  the  skilled  work¬ 
man. 

Therefore,  when  it  is  specified  that  the  clay  puddling  must  be 
formed  of  the  best  material  obtainable  on  the  ground ,  what  assur¬ 
ance  have  we  that  the  result  will  be  clay  puddling  at  all.  A  very 
much  better  description  of  wliat  constitutes  puddle  is  given  by  Mr. 
Herschel  in  the  same  article  from  which  I  have  before  quoted, 
who  says :  “  As  I  understand  the  term,  puddle  is  earth  duly  consoli¬ 
dated  by  the  application  of  water.  In  and  about  Lowell,  the  fit¬ 
ness  of  a  material  for  puddling  was  ordinarily  tested,  by  placing 
in  a  pail  of  water,  enough  of  it,  to  render  the  water  invisible.  The' 
pail  was  then  upset,  and  if  the  mixture  dropped  out,  it  was  rejected, 
if  it  remained  in  the  pail,  it  was  considered  satisfactory  for  pud¬ 
dling.”  I  have  myself  used  this  method  for  testing  sand  for  ce¬ 
ment  work,  and  I  would  add  that  it  is  necessary  to  agitate  the 
pail  long  enough  to  bring  all  the  water  to  the  surface  when  it 
should  be  drained  off  before  inverting. 

We  are  told  in  one  of  the  reports  upon  the  Queen  Lane  reser¬ 
voir  that  “  The  core  wall  is  composed  principally  of  sandy  clay  found 
in  places  upon  the  site  of  the  reservoir ,”  and  that  “  the  inner  slopes 
and  the  bottom  are  covered  with  a  layer  two  feet  thick  of  clay, 
brought  chiefly  from  a  field  south  of  a  reservoir Also  as  to  the 
core  wall,  “  we  found  it  to  be  a  decidedly  sandy  and  inferior 
clay,  so  that  the  wall  at  best  could  have  added  but  little,  if  any, 
to  the  water-tightness  of  the  banks.” 

An  almost  ideal  material  for  all  that  part  of  the  work  would 
have  been  a  mixture  in  the  proper  proportions  of  Fairmount 
gravel,  which  is  easily  obtainable  on  city  property,  within  three 
and  a  half  miles  of  the  reservoir,  by  rail,  and  the  sandy  clay 
found  upon  the  site.  I  am  aware  that  this  will  be  looked  upon 
as  an  innovation,  involving  unusual  and  unwarranted  expense, 
but  I  am  confident  that  it  would  have  made  a  water-tight  and 
satisfactory  embankment,  and  would  have  saved  money  in  the 
end. 

Engineers  in  the  United  States  have  been  too  prone  to  follow 
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the  English  practice  of  clay  puddle.  It  is  hard  to  make  radical 
changes,  in  specifications  and  methods  of  construction,  when  with 
few  exceptions  the  engineering  profession  has  been  educated 
through  a  long  term  of  years  to  believe  differently.  Such  changes 
must  come  by  degrees,  as  we  become  acquainted  with  better 
methods. 

Prior  to  the  reading  of  the  above  paper.  Prof.  Lew  is  M.  IIaupt, 
a  visitor,  wras  invited  by  the  President  to  make  a  fewr  remarks  on 
the  subject  of  reservoir  construction,  and  spoke  as  follows  : 

I  came  here  to  listen,  and  not  to  talk.  There  is  a  great  deal  of 
value  connected  with  the  construction  of  this  reservoir.  It  is  one 
of  the  things  we  may  learn  something  from,  as  wre  are  told  that 
engineers  learn  more  bv  failures  than  by  successes.  It  has  been 
broadly  claimed  that  all  reservoirs  leak.  I  do  not  believe  the 
claim  is  correct,  but  it  is  broadly  claimed  to  be,  and  that  involves 
the  question  as  to  the  distinction  between  leaking  and  seepage.  I 
have  no  doubt  that,  in  seasoning,  material  will  suppurate  slightly 
until  the  banks  settle,  and  there  will  be  a  certain  amount  of  water 
escaping.  But  I  have  read  of  a  number  of  instances  where  reser¬ 
voirs  did  not  leak  because  they  had  been  properly  puddled.  I 
think  pure  clay  is  not  suitable  for  puddling,  although  many  en¬ 
gineers  do  not  agree  on  this  point,  and  that  it  is  one  of  the  most 
dangerous  materials  to  be  handled,  in  consequence  of  its  great 
ratio  of  expansion  and  contraction.  There  are  other  difficulties 
in  the  construction  of  a  reservoir, — the  proper  connection  of  the 
superstructure  with  the  base,  for  instance.  We  are  anxious  to  have 
a  new  water-supply  in  West  Philadelphia,  and  the  construction  of 
the  Queen  Lane  Reservoir  should  furnish  a  valuable  precedent 
as  to  the  framing  of  specifications.  It  seems  to  me  that  the  con¬ 
tractor  should  take  the  entire  risk  in  building  a  reservoir  and 
build  it,  to  contain  a  certain  number  of  millions  of  gallons  of 
water,  for  a  certain  amount  of  money.  This  question  arose  in  a 
certain  case  where  a  contractor  had  agreed  to  build  a  reservoir 
for  a  certain  amount  of  monev,  but  it  was  claimed  that  he  had 
not  guaranteed  that  it  should  hold  water. 

Allen  J.  Fuller. — The  specifications  for  the  construction  of 
Queen  Lane  reservoir  may  not  be  above  criticism,  but  it  is  hardly 
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fair  to  compare  a  specification  for  the  construction  of  a  fence  with 
one  for  the  clay  lining  of  a  reservoir. 

In  works  of  reference  and  in  such  specifications  for  the 
construction  of  reservoirs  as  I  have  been  able  to  obtain,  the 
description  of  clay  puddle  and  puddle  walls  is  exceedingly 
meagre,  and  the  requirements  mentioned  are  chiefly  of  value  in 
proportion  to  the  intelligence  displayed  in  selecting  the  clay  and 
in  the  proper  supervision  of  the  work.  In  conformity  with 
modern  practice,  the  specifications  for  the  construction  of  Queen 
Lane  reservoir  are  not  lacking  in  any  of  the  requirements 
necessary  for  the  construction  of  a  satisfactory  clay  lining,  and, 
as  has  been  stated,  a  good  reservoir  could  be  constructed  under 
these  specifications. 

Professor  Haupt's  statement  that  “  the  claim  sometimes  made 
that  all  reservoirs  leak,  is  an  incorrect  one,”  will  hardly  apply  to 
new  reservoirs  which  have  been  excavated  in  earth  or  to  those 
constructed  of  earth  embankments,  for  the  reason  that  all  soils 
are  porous,  to  a  more  or  less  degree,  and  are  therefore  subject  to 
a  constant  percolation  of  water  through  the  walls  and  bottom  of 
the  basin,  in  proportion  to  the  weight  (specific  gravity)  and  fine¬ 
ness  of  the  lining  used.  Eventually,  the  percolation  is  almost 
entirely  checked  by  the  sediment  that  settles  on  the  bottom  and 
inner  slopes,  and  in  time,  the  result  is  a  tight  reservoir. 

Owing  to  the  fineness,  durability  and  cohesive  qualities  of  clay 
there  is  no  better  natural  material  for  preventing  the  escape  of 
water  from  reservoirs.  In  this  respect,  whether  the  clay  be  used 
pure  or  mixed  with  sand  or  gravel,  the  advantage  of  such  a  lining 
is  universally  recognized,  and  every  failure  in  reservoir  con¬ 
struction  may  quite  readily  be  traced  to  defects  in  other  parts 
of  the  work. 

Apart  from  puddling,  rolling,  watering  and  otherwise  manipu¬ 
lating  the  clay  intended  for  lining  a  reservoir,  the  utmost  care 
must  be  given  to  the  foundation  upon  which  the  clay  is  to  be  set. 
The  foundation  should  be  as  firm  as  possible,  though  a  slight 
settlement  will  not  be  detrimental.  The  surface  upon  which  the 
clay  is  to  rest,  must  also  be  of  sufficient  fineness  to  prevent  any 
appreciable  absorption  of  the  clay  and  yet  be  sufficiently  porous 
to  readily  carry  off  the  water  that  may  percolate  through  it.  In 
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the  latter  event,  the  clay  will  remain  hard  and  tough  ;  otherwise, 
there  will  be  a  back  pressure  which  will  proportionately  reduce 
the  cohesion  of  the  clay  particles,  and  thus  possibly  permit  the 
direct  pressure  of  the  water  to  be  transferred  to  the  foundation 
surface.  This  may  result  in  opening  a  course  for  the  water,  and 
in  case  of  a  sudden  relief,  may  partially  or  completely  rupture 
the  clay  lining.  The  danger  of  back  pressure,  however,  where 
the  embankment  is  of  earth  and  recently  built,  is  slight ;  but 
where  there  is  a  hard  rock  formation,  or  an  old  embankment  or 
bottom  surface  which  has  been  constructed  and  exposed  to  the 
weather  for  a  considerable  length  of  time  and  has  become  water¬ 
tight,  there  is  a  great  possibility  of  a  back  pressure,  which  must 
either  find  a  course  beyond  the  basin  or  result  in  so  thoroughly 
soaking  the  clay  as  to  render  it  liable  to  slide  on  the  slopes. 
Under  these  conditions,  clay  might  be  considered  “  a  dangerous 
material.” 

The  protection  of  the  upper  surface  of  the  clay  lining  is  an 
important  feature  in  reservoir  construction,  and  it  gave  me  much 
pleasure  to  hear  Mr.  Birkinbine  approve  of  “  a  brick  lining  on 
the  clay,  laid  dry.”  A  lining  of  brick,  stone,  or  of  a  material 
similar  to  these,  laid  without  cement  or  mortar,  will  readily  con¬ 
form  to  any  inequalities  which  may  occur  by  settlement,  and 
will  tend  to  seal  an  incipient  leak.  With  a  flexible  protective 
lining  of  this  kind,  serious  defects  may  be  readily  distinguished 
by  resulting  depressions,  which  would  probably  remain  unob¬ 
served  where  a  concrete  or  rigid  lining  is  used.  I  think,  in  the 
construction  of  reservoirs,  where  dependence  is  placed  upon  this 
material  for  preventing  undue  percolation  or  leakage,  a  rule  to 
use  a  flexible  lining  of  dry-laid  bricks,  stone  or  blocks,  for  pro¬ 
tecting  the  clay,  should  be  adopted  ;  and  that  the  use  of  a  rigid 
lining,  such  as  continuous  sheets  of  concrete  or  masonry,  with  or 
without  a  non-porous  coating,  should  never  be  permitted,  unless 
of  sufficient  strength,  durability  and  imperviousness  to  be  relied 
upon  without  a  clay  backing. 

There  have  been  many  criticisms  of  the  site  selected  for  the 
Queen-Lane  reservoir,  owing  to  the  character  of  the  material 
upon  which  it  is  built ;  but  it  should  be  remembered  that  there 
are  no  sites,  of  sufficient  area  and  elevation  for  the  construction  of 
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large  reservoirs  available  in  the  city  and  county  of  Philadelphia, 
which  do  not  present  the  same  geological  features.  Micaceous  rock 
and  soil  do  not  constitute  a  had  or  dangerous  material  upon  which 
to  build  a  reservoir,  hut  great  care  should  he  exercised  in  pre¬ 
paring  the  foundation  upon  which  the  embankments  are  to  rest, 
as  well  as  the  surface  on  which  the  clay  lining  is  to  he  laid.  If 
these  precautions  are  taken  there  need  he  no  apprehension  of 
serious  trouble  in  constructing,  on  such  material,  a  water-tight 
reservoir. 
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NOTES  AND  COMMUNICATIONS. 


RAILROADS  IN  JAPAN. 

At  the  meeting  of  January  16,  1897,  Messrs.  H.  Iwasaki,  Kobe,  and  K.  Naga- 
tani,  Tokio,  visiting  Japanese  engineers,  furnished  some  information  on  the  subject 
of  Japanese  railroads.  There  are  now  about  2300  miles  of  railway  in  Japan,  of  3 
feet  6  inches  gauge,  about  half  the  mileage  being  under  government  and  half  under 
private  control.  These  roads  have  all  been  built  in  the  past  twenty-five  years.  Most 
of  the  locomotives  are  of  the  American  pattern,  while  the  other  rolling  stock  is  of 
the  English  plan.  Passenger  cars  are  small,  holding  from  15  to  20  persons.  Most 
of  the  rolling  stock  is  imported  to  the  country',  but  the  government  shops  have  built 
six  locomotives  and  many  passenger  cars.  In  constructing  the  roads,  60-pound 
rails  are  used,  laid  upon  cross-ties  of  native  wood  resembling  the  fir  of  this  country. 
Bituminous  coal  is  the  fuel  burnt  in  the  locomotives.  The  engineers  are  all  native. 
At  present  there  is  in  Japan  but  one  electric  railway,  about  6  miles  long,  which  is  in 
the  city  of  Tokio. 


ACCURATE  DISTANCES  IN  PHILADELPHIA  FOR  CALI¬ 
BRATING  CYCLOMETERS. 


At  the  meeting  of  March  20,  1897,  Mr.  Carl  Ilering  presented  a  list  of  distances 
on  nearly  level,  asphalted  streets,  compiled  from  the  large  plans  of  the  Survey  De¬ 
partment.  They  may  be  relied  upon  as  being  correct,  and  may  be  used  for  testing 
cyclometers.  They  have  been  checked,  through  the  kindness  of  Mr.  George  S. 
Webster,  Chief  Engineer  of  the  Bureau  of  Surveys.  They  are  the  horizontal  dis¬ 
tances,  no  allowance  being  made  for  the  slight  grades. 

On  Broad  Street,  from  the  middle  of  Brandywine  Street,  east  side  of  Broad,  to  the 
south  curb  of  Oxford  Street  is  exactly  one  mile. 

From  the  south  curb  of  Spring  Garden  Street  (east  side  of  Broad  Street)  to  the 
north  house-line  of  Cumberland  Street  is  30  feet  more  than  2  miles. 

From  the  north  house-line  of  Brandywine  Street  (on  the  east  side  of  Broad)  to  the 
south  house-line  of  Tioga  Street  is  50  feet  more  than  3  miles. 

From  the  north  curb  of  Spring  Garden  Street  (east  side  of  Broad)  to  the  south  curb 
line  of  Cayuga  Street  is  60  feet  more  than  4  miles. 

On  Diamond  Street,  from  the  west  house-line  of  Broad  Street  to  the  east  curb-line 
of  Thirty-third  Street  is  nine  feet  more  than  1;’  miles.  Four  times  this  distance  is 
therefore  only  a  few  feet  more  than  6.1  miles. 

From  the  east  curb  of  Thirty-third  Street  to  the  west  house  line  of  Broad  Street 
and  back  to  the  west  house-line  of  Thirtieth  Street  is  20  feet  less  than  3  miles. 
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ANNUAL  REPORT  OF  THE  BOARD  OF  DIRECTORS. 

For  the  Fiscal  Year  1896. 


January  16,  1897. 

To  the  Engineers’  Club  of  Philadelphia, 

Gentlemen: — In  compliance  with  the  requirements  of  the  By-Laws,  the  Board  of 
Directors  offers  the  following  report  of  the  affairs  of  the  Club  for  the  year  ending 
December  31,  1896  : 

During  the  year  eighteen  regular  meetings  of  the  Club  were  held,  at  which  the 
maximum  attendance  was  ninety-nine,  and  the  average  seventy-four  as  against  sixty- 
nine  during  1895. 

Ten  regular  and  eight  special  meetirgs  of  the  Board  were  held,  which  were  well 
attended,  except  one  special  meeting,  at  which  a  quorum  was  not  present. 

The  Board  recommends  that  an  extra,  effort  be  made  to  increase  the  membership. 

The  Board  has  given  much  attention  to  arrangements  for  the  satisfactory  conduct 
of  the  business  of  the  Club.  It  has  adopted  comprehensive  rules  for  the  government 
and  operation  of  the  standing  committees,  providing,  among  other  matters,  that  each 
committee  should  formulate  rules  for  its  guidance  and  keep  minutes  of  its  meetings. 

The  annual  reports  of  the  standing  Committees  to  the  Board  are  herewith  pre¬ 
sented  : 


Membership  Committee. 

During  the  year  twenty-six  Active  and  three  Associate  members  have  been  elected  ; 
seventeen  Active  and  two  Associate  members  have  resigned  ;  fifteen  Active  members 
have  been  dropped,  and  eight  Active  members  have  died.  These  changes  have  re¬ 
sulted  in  a  loss  during  the  year  of  thirteen  in  the  total  membership  of  the  Club. 

The  record  of  deaths  is  as  follows: 

John  B.  Fontaine,  died  January  6,  1896. 

Thomas  D.  Whitaker,  died  March  7,  1896. 

Edward  R.  Zoll,  died  March  18,  1896. 

Edward  Samuel,  died  March  27,  1896. 

Louis  P.  Evans,  died  August  19,  1896.  , 

T.  Roney  Williamson,  died  September  12,  1896. 

Amasa  Ely,  died  December  2,  1896. 

Oliver  E.  McClellan,  died  December  9,  1896. 

The  number  of  members  on  December  31,  1896,  was  as  follows: 


Class.  Resident.  Non-Resident.  Total. 

Active .  282  120  402 

Associate .  13  2  15 

Honorary  . .  1  1 


295  123  418 
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Information  Committee. 

In  the  arrangement  of  the  program  of  meetings,  the  Committee  has  endeavored  to 
make  provision,  in  so  far  as  practicable,  for  the  great  diversity  of  interests  repre¬ 
sented  in  the  membership  of  the  Club.  A  list  of  the  papers  presented  during  the 
year  is  given  below.  In  view  of  the  rapidly-increasing  importance  of  electrical 
engineering,  it  is  especially  noticeable  that  no  less  than  live  papers  were  devoted 
to  electrical  subjects,  four  of  which  relate  to  the  application  of  electricity  to  engi¬ 
neering. 

List  of  papers  presented  during  1896: 

January  4. — Distribution  of  Electrical  Energy  from  a  Central  Station.  By  Wil¬ 
liam  C.  L.  Eglin. 

January  18. — Annual  Report  of  Board  of  Directors.  Annual  Address  of  Presi¬ 
dent. 

February  1. — The  Queen  Lane  Division  of  the  Water-Supply  of  Philadelphia. 

I.  The  Boilers.  By  John  E.  Codman. 

February  15.— The  Queen  Lane  Division  of  the  Water-Supply  of  Philadelphia. 

II.  The  Pumping  Engines.  By  Thomas  H.  Mirkil,  Jr.  III.  The  Engine  and  Boiler 
Houses.  By  Frank  L.  Hand. 

March  7. — Water-Renaissance.  By  John  Birkinbine.  Construction-Work  on 
the  Croton  Aqueduct  and  views  of  some  specimens  of  Ancient  Plumbing.  By  Henry 

Leffmann. 

March  21. — Sewage  Disposal  at  Wayne,  Pa.  By  Thomas  G.  Janvier. 

April  4. — On  Cantilever  Bridges.  By  Edgar  Marburg. 

April  18. — Discussion  on  the  Adoption  of  the  Metric  System. 

Mav  2. — The  Welsbach  and  other  Incandescent  Gas-Lights.  By  George  S.  Bar- 
rows. 

May  16. — Business  Meeting  for  Discussion  of  Proposed  By-Laws. 

June  16. — The  Electric-Storage  Battery.  Bv  Rudolph  H.  Klauder. 

September  19. — The  Water-Supply  of  Philadelphia  Considered  with  Reference 
to  the  Minimum  Flow  of  the  Schuykill  River.  By  Edwin  F.  Smith. 

October  3. — The  Cement-Laboratory  of  the  City  of  Philadelphia.  By  Richard 
L.  Humphrey. 

October  17. — Roentgen  Phenomena;  Theory  and  Practice.  By  Elmer  G.  Will- 
young.  Electricity  in  Gold-milling.  By  Henry  M.  Chance. 

November  7. — The  Queen  Lane  Division  of  the  Philadelphia  Water-Supply 
System.  IV.  The  Distributing  System.  By  Allen  J.  Fuller.  Rapid  Methods  in 
Instrumental  Drawing.  By  Lino  F.  Rondinella. 

November  21. — Professional  Ethics  among  Engineers.  By  Charles  Piez. 
December  5. — The  Storage- Battery  in  Electric-Traction  Work.  By  Charles 
Hewitt. 

December  19. — Topical  Discussion.  Some  open  Questions  Concerning  Structural 

Steel. 

(a)  The  Influence  of  Various  Agencies  in  the  Course  of  Manufacture,  fev  H.  H. 
Campbell  and  Albert  Ladd  Colby. 

(b)  The  Practicability  of  Using  the  Higher-Carbon  Steels.  By  Frederick  II. 
Lewis. 

(c)  The  Influence  and  Effect  of  Dynamic  Stresses  on  the  Material  and  Structures. 
By  James  Christie. 
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The  plan  adopted  this  year  of  issuing  an  advance  program  of  papers  seems  to  have 
met  with  general  approval,  and  the  Committee  advises  its  continuance. 

Bv  the  new  regulations,  two  meetings  during  the  years  are  to  be  regularly  devoted 
to  “  Topical  Discussions.”  To  make  these  meetings  as  profitable  as  possible,  members 
are  urged  to  assist  the  Committee  by  the  suggestion  of  subjects. 

The  regular  employment  of  a  stenographer  for  reporting  the  proceedings  at  meet¬ 
ings  has  greatly  facilitated  the  work  of  the  Publication  Committee  and  Secretary, 
and  has  added  materially  to  the  value  of  the  discussions. 

Publication  Committee. 

Since  its  last  report  the  Committee  has  issued  four  numbers  of  the  Proceedings, 
containing  a  total  of  304  pages  of  printed  matter,  exclusive  of  advertisements.  Each 
number  has  been  issued  on  time.  Only  in  one  case  was  there  a  delay  in  the  publica¬ 
tion  of  a  paper,  and  for  this  delay  the  author  was  responsible. 

During  the  past  year  the  Committee  drew  up  a  five-year  contract  with  a  publish¬ 
ing  firm,  according  to  which  the  Proceedings  are  published  free  of  all  charges  to 
the  Club,  other  than  for  the  postage.  The  last  two  numbers  (July  and  November) 
were  published  under  this  contract,  and  the  new  system  seems  to  be  quite  satisfac¬ 
tory  in  every  way.  This  contract  provides  for  an  increasing  number  of  pages,  illus¬ 
trations,  and  number  of  copies,  without  any  cost  for  the  increase.  The  Club  is 
thereby  relieved  of  some  expense,  and  the  Publication  Committee  of  much  labor  and 
of  the  duty  of  soliciting  advertisements. 

The  January  and  April  numbers  were  published  by  the  Club  as  heretofore,  and 
the  amount  short  of  paying  full  cost  was  $116.96. 

The  Committee  has  had  under  consideration  the  question  of  publishing  the  Pro¬ 
ceedings  monthly  during  ten  months  of  the  year,  and  considers  it  quite  feasible. 
That  it  is  desirable,  if  it  can  be  done  without  expense  to  the  Club,  there  is  no  ques¬ 
tion,  as  the  papers  can  then  be  published  with  less  delay.  The  Committee  recom¬ 
mends  to  the  incoming  Board  to  make  this  very  desirable  change. 

Library  Committee. 

All  the  leading  engineering  journals  have  been  supplied  regularly,  and  many 
valuable  additions  have  been  made  to  the  library  by  gift  or  in  exchange.  The  Com¬ 
mittee  recommends  the  establishment  of  the  office  of  Librarian. 
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Rccx  ipts. 

Dues  and  Initiation  Fees: 


1894  . 

1895  . 

1896  . 

1897  . 

Advertisements  : 

1894  . 

1895  . 

1896  . 

Proceedings: 

1895 . 

1896.. . . 

Keprints : 


$15  00 
270  00 
4,655  00 
65  00 

- $5,005  00 

$18  00 
136  00 
293  00 

-  447  00 


$6  50 
86  84 

- 93  34 


$17  00 
39  75 

-  56  75 

.  12  72 


1895 

1896 


Interest  on  Deposits 

Keys .  4  0C 

Donation  Electrical  Engineers  31  00 


Total  Income . $5,649  81 


Expenditures. 

$240  00 
60  00 
590  50 
300  00 

- $1,190  50 


$1,100  00 

93  25 


Salaries : 

Secretary . 

Treasurer . 

( Series . 

Jftnitor . 

House : 

Rent . 

Coal . 

Gas . 

Ice . 

Repairs,  Sup¬ 
plies,  etc . 


54  77 
18  30 

131  66 

-  1,397  98 


House  Improvements: 

Furniture  and  Fixtures....  396  43 

Secretary’s  Office : 

Stamped  envelopes,  sta¬ 
tionery,  postage  and 


supplies .  202  00 

Proceedings .  500  45 

Notices .  540  89 

Treasurer’s  Office .  81  30 

Information  Committee .  63  99 

Library  .  70  20 

Luncheons .  677  50 

Affidavit  of  Tellers .  5  00 

Reprints .  30  25 

Advertisements,  1896 .  6  00 


Total  for  1896  account .  $-'>,162  49 


1895  Accounts  paid  : 


Stern  &  Co .  $330  29 

Sherman  &  Co....  37  50 

H.  Veit  .  74  00 

Rent .  275  00 

Ice .  18  25 

C.  L.  Prince .  6  25 

\\  illiams,  Brown 

a  Earle .  2  80 

Ed.  E.  Light  Co.  9  33 
McFarland’s  Son  11  25 


764  17 


1  Total  Disbursements . $5,926  66 

Cash  Balance,  Dec.  31,  1895...  390  21  Cash  Balance,  Dec.  31,  1896...  113  36 

$6,040  02  $6,040  02 

Respectfully  submitted, 

George  T.  Gwilliam,  Treasurer. 


80 


Annual  Report  of  the  Treasurer. 


[Proc.  Eng.  Club, 


House  Committee. 

The  House  Committee,  during  the  year,  has  endeavored  to  continue  the  work  of 
the  previous  Committee  toward  making  the  Club-Ifouse  attractive.  To  this  end, 
new  furniture  has  been  purchased.  A  new  leather  settee  and  three  arm-chairs  have 
been  placed  in  the  lower  sitting-room,  and  new  theatre  chairs  have  been  placed  in 
the  lecture-room,  replacing  the  camp-stools  formerly  used. 

The  quality  of  the  luncheon  served  after  each  meeting  has  been  improved,  and 
the  quantity  provided  has  been  increased,  owing  to  the  increase  in  average  attendance. 

A  system  of  Membership  Cards  has  been  introduced,  and  an  attendant  has  been 
placed  at  the  door  on  meeting  nights  to  prevent  unauthorized  persons  from  obtaining 
admission  to  the  Club-House. 

The  House  Committee  would  remind  the  members  of  the  Club  that  the  Club-House 
being  now  in  a  comfortable  condition,  warrants  a  larger  use  being  made  of  the  rooms 
and  facilities  of  the  House  than  is  at  present  the  custom. 

Finance  Committee. 

ASSETS  AND  LIABILITIES,  DECEMBER  31,  1896. 


Due  for  Proceedings  and  Advertisements  .  $19  75 

Dues  for  1896  .  500  00 

Cash  on  hand  .  113  36 


$633  11 

Liabilities,  Dues  for  1897  collected  in  1896 .  65  00 

Balance .  568  11 


ESTIMATES  AND  EXPENDITURES. 


Expenditures 
for  1895. 

Estimate 
for  1896. 

Expenditures 
for  1896. 

Estimate 
for  1897. 

Salaries . 

$1,105  00 

$1,200  00 

$1,190  50 

$1,200  00  r 

Proceedings . 

903  38 

1,100  00 

500  45 

House . 

1,336  40 

1 ,400  00 

1,397  98 

1,400  00 

Luncheons . 

607  00 

600  00 

677  50 

800  00 

Notices . 

362  43 

450  00 

540  89 

600  00 

Secretarv’s  Office . 

164  26 

250  00 

202  00 

250  00 

Treasurer’s  Office . 

40  35 

50  00 

81  30 

100  00 

Librarv . 

78  40 

250  00 

70  20 

250  00 

Information  Committee . 

142  00 

150  00 

63  99 

150  00 

Sinking  Fund . 

465  53 

Miscellaneous ..., . 

39  00 

50  00 

41  25 

ioo  bo 

House  Improvements  . 

463  79 

396  43 

Liabilities  of  1895  paid . 

764  17 

1 

Total  Expenditures  &  Estimates... 

$o,  /  0 1  54 

$5,400  00 

$5,926  66 

$4,850  00 

Respectfully  submitted  by  order  of  the  Board  of  Directors, 

A.  Falkenau,  President. 

L.  F.  Rondinella,  Secretary. 
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Business  Meeting,  January  2,  1897. — The  President,  Arthur  Falkenau,  in  the 
chair.  Sixty-eight  members  present. 

The  amendments  to  the  By-Laws  were  fully  discussed  and  ordered  to  be  voted  upon 
for  adoption  bv  the  Club  on  January  16,  1S97. 

The  Special  Committee  appointed  for  the  purpose  presented  a  memorial  of  Aruasa 
Ely,  late  member  of  the  Club. 

On  account  of  the  lateness  of  the  hour,  and  at  the  request  of  Mr.  G.  B.  Hartley,  his 
paper  on  “Steam  Bailers  jis  the  Inspector  tinds  them,”  was  postponed  until  Feb¬ 
ruary  ti,h. 

Eighteenth  Annual  Meeting,  January  16,  1897. — The  President,  Arthur 
Falkenau,  in  the  chair.  Ninety-six  members  and  visitors  present. 

The  President  presented  the  Annual  Report  of  the  Board  of  Directors  for  the  year 

1896. 

The  retiring  President,  Mr.  Arthur  Falkenau,  presented  the  paper  of  the  evening 
upon  “  The  Engineer  as  a  Moral  Force.” 

Messrs.  H.  Iwasaki  and  K.  Nagatani,  visiting  Japanese  engineers,  were  requested 
to  address  the  Club  on  the  subject  of  Japanese  railroads.  . 

The  Tellers  reported  that  186  legal  votes  were  cast,  electing  Mr.  George  William 
Moreton  to  active  membership  and  Mr.  J.  Ogden  Hoffman  to  associate  membership  in 
the  Club. 

The  Tellers  reported  that  212  legal  votes  were  cast,  of  which  197  votes  were  for 
and  33  votes  were  against  the  adoption  of  the  amendments  to  the  By-Laws,  Article  I, 
Sections  1  to  7 ;  Article  V,  Seciions  3  and  4  ;  Article  VI,  Sections  1  and  2.  The-e 
amendments  were  therefore  adopted. 

The  Tellers  reported  that  242  legal  votes  were  cast  for  officers  for  1897,  and  gave  in 
•detail  the  number  of  votes  received  by  each  nominee.  The  President,  in  accordance 
.therewith,  reported  the  following  elected  : 

Officers  for  1897. 

President — Joseph  T.  Richards. 

Vice-President — Henry  Leftinann. 

Secretary — L.  F.  Rondinella. 

Treasurer — George  T.  Gwilliam. 

Directors — William  C.  L.  Eglin,  G.  B.  Hartley,  F.  Schumann. 

Business  Meeting,  February  6,  1897. — The  President,  Joseph  T.  Richards,  in 
the  chair.  Sixty-nine  members  and  visitors  present. 

The  Secretary  announce  1  that  Mr.  George  B.  Roberts,  active  member  of  the  Club 
since  November  19,  1881,  died  on  January  30,  1897.  Upon  motion,  the  President 
was  requested  to  appoint  a  committee  to  prepare  a  suitable  memorial. 

The  amendment  to  the  By-Laws,  Article  IV,  Section  7,  fourth  paragraph,  second 
sentence,  by  inserting  the  words  “at  least,”  so  as*to  make  the  sentence  read,  “  It 
shall  publish  during  each  year  at  least  four  numbers  of  the  Proceedings  of  the  Club,” 
6 
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etc.,  was  then  discussed,  and  upon  motion  it  was  accepted  in  the  latter  form  to  be 
voted  upon  for  adoption  at  the  meeting  of  February  20th. 

Mr.  George  B.  Hartley  presented  a  paper  on  “Steam  Boilers  as  the  Inspector  finds 
them.”  The  descriptions  were  illustrated  by  lantern  slides  and  specimens. 

Business  Meeting,  February  20,  1897. — The  President,  Joseph  T.  Richards, 
in  the  chair.  Seventy-nine  members  and  visitors  present. 

The  Tellers  reported  that  sixty-nine  votes  had  been  cast  for,  and  five  against  the 
adoption  of  the  amendment  to  Article  IV,  Section  7  of  the  By-Laws.  The  amend¬ 
ment  was  therefore  adopted. 

Mr.  P.  Kreuzpointner  (visitor)  read  a  paper  on  “  Steel  as  Viewed  by  the  En¬ 
gineer,”  and  illustrated  his  remarks  with  a  series  of  specimens  of  steel  and  a  number 
of  diagrams. 

Mr.  Joseph  T.  Richards  presented  a  communication  on  “  The  Future  Habitation  of 
the  Club.” 

Business  Meeting,  March  6,  1897. — The  President,  Joseph  T.  Richards,  in  the 
chair.  Fifty-eight  members  and  visitors  present. 

The  Special  Committee  appointed  for  the  purpose  presented  a  memorial  of  the  late 
George  B.  Roberts,  which,  by  a  rising  vote,  was  unanimously  adopted : 

The  Tellers  reported  that  at  the  election  of  members  held  on  this  date,  seventy-six 
legal  votes  were  cast,  electing  Messrs.  Chester  E.  Albright,  Jr.,  and  J.  B.  Baker,  Jr., 
to  Active  Membership,  Mr.  Frank  T.  Gucker  to  Junior  Membership,  and  Mr.  James 
B.  Bonner  to  Associate  Membership. 

Upon  motion  by  Mr.  F.  Schumann,  it  was  Resolved,  that  a  committee  of  five  be 
appointed  to  consider  the  suggestions  embodied  in  the  paper  presented  by  the  Presi¬ 
dent  of  the  Club  on  February  20th. 

Mr.  Harvey  Linton  read  a  paper  on  “  The  Sewage-Disposal  Plant  at  Altoona,  Pa.,” 
and  illustrated  his  remarks  by  a  series  of  lantern  views  and  drawings. 

Stated  Meeting,  March  20,  1897. — The  President,  Joseph  T.  Richards,  in  the 
chair.  Sixty-seven  members  and  visitors  present. 

The  death,  on  March  7,  1897,  of  Mr.  Isaac  S.  Cassin,  an  active  member  since  1881, 
was  announced. 

The  Committee  on  new  Club-House  was  by  motion  increased  to  eight  members. 

Mr.  Carl  Hering  presented,  by  title,  a  list  of  distances  on  the  nearly  level  asphalted 
streets  of  Philadelphia. 

On  behalf  of  the  late  Amasa  Ely,  Mr.  John  C.  Trautwine,  Jr.,  presented  a  paper 
on  “The  Construction  of  the  Queen  Lane  Reservoir.” 
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Regular  Meeting,  Saturday,  January  16,  1897. —  Present:  The  President,  the 
Vice-Presidents,  Directors  Leffmann,  Livingston,  Richards  and  Schermerhorn ;  ihe 
Secretary  and  the  Treasurer. 

The  Treasurer’s  report  for  December  showed  : 

Balance  from  November, .  $419  50 

Received  during  December  .  608  80 

-  $1,028  20 

Expended  during  December .  914  84 

Balance  December  31st .  113  36 

The  Treasurer  presented  his  Annual  Report  as  approved  bv  the  Committee  of  Audi¬ 
tors.  He  stated  that  in  the  printed  annual  report  of  the  Board  of  Directors,  in  which 
it  was  incorporated,  it  had  been  changed  so  as  to  make  the  cash  balance,  $48.36,  in¬ 
stead  of  $113.36.  The  Treasurer’s  report  was  received  and  ordered  tiled.  The  an¬ 
nual  report  of  the  Board  as  printed  was  then  considered. 

It  was  resolved  that  the  President  present  to  the  Club  the  annual  report  of  the 
Board  of  Directors  as  printed,  with  the  correction  in  the  cash  balaneeof  theTreasurer 
above  alluded  to,  and  with  the  statement  that  the  figures  in  the  published  summary 
of  membership  are  incorrect,  and  a  request  that  the  Board  be  allowed  to  change  them 
when  the  Membership  Committee  has  made  them  accurate. 

Resignations  were  presented  and  accepted  from  Lewis  N.  Lukens  and  Francis  P, 
Smith,  active  members. 

Mr.  Hering  presented  the  report  and  recommendations  of  the  retiring  Publication 
Committee,  which  were  received  to  be  referred  to  the  incoming  Publication  Com¬ 
mittee  for  further  consideration. 

Organization  Meeting  of  the  Board  of  Directors,  Saturday,  January  23, 1897. —  « 
Present:  The  President,  the  Vice-Presidents,  Directors  Schermerhorn,  Hartley, 
Eglin  and  Livingston,  the  Secretary  and  the  Treasurer. 

In  accordance  with  the  request  of  the  Club  at  the  Annual  Meeting,  and  upon  mo¬ 
tion,  the  B  )ard  appointed  Mr.  C.  H.  Ott  a  Director  to  fill  the  vacancy  caused  by  the 
election  of  Mr.  Richards  to  the  Presidency. 

The  President  announced  the  following  standing  committees  for  1897,  the  first 
named  in  each  case  being  the  chairman  : 

Finance  Committee  —  Wm.  C.  L.  Eglin,  Max  Livingston,  Henry  Leffmann. 

Membership  Committee — L.  Y.  Schermerhorn,  G.  B.  Hartley,  C.  H.  Ott. 

Publication  Committee — Henry  Lefimann,  Carl  Hering,  L.  Y.  Schermerhorn. 

Library  Committee — G.  B.  Hartley,  Henry  Leffmann,  F.  Schumann. 

Information  Committee — F.  Schumann,  L.  Y.  Schermerhorn,  Carl  Hering. 

House  Committee — C.  II.  Ott,  Wm.  C.  L.  Eglin,  Max  Livingston. 

The  Board  designated  the  following  Committees  : 

Regular  Tellers — E.  R.  Keller,  S.  S.  Evans,  R.  L  Humphrey. 

Alternate  Tellers — Harrison  Souder,  Thos.  II.  Mirkil,  Minford  Levis. 

Auditors — Jas.  Christie,  W.  P.  Dallett,  H.  W.  Spangler. 
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Regular  Meeting,  Saturday,  February  20,  1897. — Present:  the  President,  the 
Vice-Presidents,  Directors  Livingston,  Schermerhorn,  Ott,  Eglin,  Hartley  and  Schu¬ 
mann,  the  Secretary  and  the  Treasurer. 

The  Treasurer’s  Report  showed : 


Balance  on  hand, 'January  1st . $  113  36 

Cash  received  to  date .  2,024  00 

- - $2,137  36 

Expended  to  date .  141  44 


Balance,  February  20,  1897 . $1,995  92 


A  letter  was  read  from  Mr.  Minford  Levis,  dated  February  17th,  making  “  inquiry 
as  to  whether  the  advisability  or  desirability  of  officially  adopting  some  form  of 
certificate  of  membership  or  insignia,  has  at  any  time  been  considered  by  the  Board 
of  Directors,”  and  further  calling  attention  to  the  practice  of  other  technical  clubs, 
and  the  means  by  which  certificates  could  be  prepared  and  issued.  The  advantages 
of  issuing  such  certificates,  and  the  abuses  that  might  be  made  of  them,  were  both 
fully  discussed,  and  upon  motion,  the  Membership  Committee  was  requested  to  con¬ 
sider  the  matter  and  report  to  the  Board  at  its  next  meeting. 

The  Library  Committee  reported  that  a  letter  had  been  received  from  Mr.  Gratz 
Mordeci,  informing  the  Club  that  the  estate  of  Thomas  M.  Cleemann,  a  former  mem¬ 
ber,  would  be  glad  to  present  certain  books,  of  which  a  list  was  enclosed.  The  Board 
accepted  the  offer,  and  directed  the  Library  Committee  to  prepare  a  letter  expressing 
its  thanks,  to  be  signed  by  the  President.  The  Library  Committee  asked  instructions 
as  to  its  duties  in  the  matter  of  renewing  publications.  Upon  motion  it  was  resolved 
that  the  standing  committees  be  instructed  to  hold  a  general  meeting  at  an  early  date, 
and  determine  their  relation  to  each  other  in  the  disposition  and  arrangement  of 
Club  business  and  property,  and  to  report  the  essential  features  of  their  agreement 
to  the  Board  at  its  next  meeting. 

The  Information  Committee  reported  that  a  program  had  been  arranged  for  four 
Club  meetings,  including  the  meeting  of  this  date,  and  that  a  stenographer  had  been 
employed  to  report  Club  meetings  for  the  balance  of  the  year. 

Regular  Meeting,  March  20,  1897. — Present :  The  President,  the  Vice-Presi¬ 
dents,  Directors  Livingston,  Schermerhorn,  Eglin,  Hartley  and  Ott,  the  Secretary 


and  the  Treasurer. 

The  Treasurer’s  Report  showred  : 

Balance  cash  in  hand  February  1st . $1,827  36 

February  receipts . . .  480  21 

- $2,307  57 

Expenditures  during  February  .  136  44 


Balance  February  28th . . . .  2,171  13 

Receipts  to  March  15th . . .  180  00 


2,351  13 

Expenditures .  352  90 


Balance  on  hand  .  . $1,998  23 


The  Membership  Committee  presented  a  written  report  upon  the  suggestion  to 
adopt  a  certificate  or  badge  for  Club  membership,  with  the  correspondence  that  had 
been  obtained  as  to  the  practice  of  other  organizations  in  this  matter.  The  Commit¬ 
tee  concluded  that  the  disadvantages  to  the  Club  by  the  adoption  of  a  certificate  and 
badge,  or  either,  would  more  than  outweigh  any  advantages  that  might  accrue.  On 
motion,  the  report  was  received  and  ordered  to  be  filed,  and  the  Committee  was  dis¬ 
charged. 

The  estimates  of  appropriations  desired  by  the  Publication,  Library  and  House 
Committees  were  considered,  and  upon  motion,  requests  for  appropriations  for  stand¬ 
ing  committees  were  referred  to  the  Finance  Committee  to  consider  and  report  to  the 
Board  at  its  next  meeting,  with  statements  of  past  expenditures  and  probable  income. 


Filter-Beds.  Stowage-Disposal  Plant  at  Altoona,  Pa. 


Editors  ot  other  technical  journals  are  invited  to  reprint  articles 
from  this  journal,  provided  due  credit  is  given  the  Proceedings. 
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THE  SEWAGE-DISPOSAL  PLANT  AT  ALTOONA.  PA. 

By  Harvey  Linton,  Active  Member. 

Read  March  6,  1897. 

The  subject  of  sewage  disposal  is  one  that  is  sure  to  compel 
attention  in  cities  and  towns  that  are  built  upon  small  water¬ 
courses. 

Location. — An  illustration  of  this  fact  is  afforded  by  the  city 
of  Altoona,  on  the  line  of  the  Pennsylvania  Railroad,  at  the  base 
of  the  Allegheny  Mountains,  between  the  elevations  1,110  and 
1,350  feet  above  the  ocean,  and  near  the  headwaters  of  the  Juni¬ 
ata  Riv^r.  From  the  larger  part  of  the  city  the  sewage  and  sur¬ 
face-water  flows  northeastward.  A  little  less  than  half  the  city, 
for  which  the  sewage-disposal  plant  is  being  constructed,  is 
drained  southward,  towards  Ilollidavsburg,  the  county-seat  of 
Blair  County.  These  streams  unite  at  Petersburg,  27.5  miles  east 
of  Altoona,  forming  the  Juniata  River. 

Population. — The  population  of  Altoona  was  30,337,  in  1890. 
By  Clark’s  Directory-Census  it  was  35,500  in  1895.  It  is  15,000 
in  the  Fourth  Sewer  District.  In  the  suburbs,  south  of  the  city, 
there  is  an  additional  population  of  about  2,000.  In  the  Fourth 
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Sewer  District  the  population  may  increase  to  25,000,  and  in  the 
adjoining  suburbs,  tributory  to  this  sewer,  it  will  probably  in¬ 
crease  to  5,000.  The  sewage-disposal  plant  for  this  district 
should,  therefore,  be  capable  of  being  extended  to  provide  for  a 
population  of  30,000. 

Area. — The  area  of  the  Fourth  Sewer  District  is  about  730 
acres,  or  1-J-  square  miles.  The  area  of  the  whole  water-shed  that 
is  usually  drained  by  the  sewers,  is  1,598  acres,  or  about  2J 
square  miles.  The  sewers,  not  being  large  enough  to  carry  off 
all  storm  water,  are  occasionady  overflowed  and  the  streets  and 
low  grounds  submerged.  From  the  city  limit  to  Mill  Run,  a 
distance  of  1,500  feet,  there  is  very  little,  if  any,  flow  in  the 
stream  channel  except  sewage,  during  the  summer  months. 

Drainage  Area. — At  Mill  Run,  the  drainage  area  is  about  11 
square  miles.  The  total  drainage  area  of  all  the  streams  at  the 
junction  of  Mill  Run  and  Sugar  Run,  3  miles  from  the  city 
limit,  and  at  the  end  of  the  out-fall  sewer,  is  40  square  miles,  or 
2.70  square  miles  per  thousand  of  population  connected  with  the 
sewer,  or  only  1.50  square  miles  per  thousand  of  population  to 
be  considered  in  providing  for  sewage  disposal. 

Three  and  one  half  miles  below  Sugar  Run,  as  the  water  flows, 
is  the  county  seat,  Hollidaysburg,  with  a  population  of  3,150. 
The  fall  of  the  stream  is  about  40  feet  to  the  mile.  Opposite 
Hollidaysburg  the  stream  has  a  much  less  rapid  fall,  and  there 
is  a  dam,  opposite  the  town,  which  makes  slack-water  for  a  con¬ 
siderable  distance.  Here  the  drainage  area  is  75  square  miles. 
Some  records  of  rainfall  and  stream-flow  are  presented,  as  being 
of  interest  in  this  connection. 

Rainfall. — Comparison  between  the  records  in  Altoona  in  1895, 
from  observations  of  Dr.  Charles  B.  Dudley,  Chemist,  P.  R.  R, 
Co.,  and  those  made  at  the  same  time  by  the  Altoona  Mater  De¬ 
partment,  at  Kittanning  Point,  nearly  300  feet  in  elevation  above 
the  city,  shows  that  the  rainfall  at  the  higher  level  was  31.584 
inches,  while  it  was  only  21.17  inches  in  the  city.  Assuming 
that  the  rainfall  at  Kittanning  Point  for  the  past  thirteen  years 
has  been  40  per  cent,  greater  than  in  Altoona,  the  average  rain¬ 
fall  on  the  9.3  square  miles  from  which  the  city  obtains  its  water 
supply  was  42.83  inches,  while  in  the  city  it  was  but  30.81 
inches. 
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Stream-flow. — The  stream-flow,  immediately  below  the  old  55,- 
000,000  gallon  reservoir,  was  measured  three  times  daily,  by  the 
Water  Department,  from  December,  1894,  to  March,  1896,  and 
the  amount  of  the  daily  flow  is  shown  in  connection  with  the 
rainfall  statement.  This  flow*  is  what  remained  after  taking  out 
the  city’s  daily  supply,  which  is  estimated  at  3,000,000  gallons. 
In  the  four  months,  August  to  November,  inclusive,  there  was 
no  overflow  from  this  reservoir.  Weir  measurements  of  Mill 
Run,  also  of  the  sewage  flow  at  the  Fourth  District  sewer-outfall, 
were  made  during  the  drought  of  1895,  and  the  results  are  ap¬ 
pended  in  separate  statements. 

Sewage  Pollution. — The  sewage  pollution  of  the  streams  between 
Altoona  and  Sugar  Run  has  been  a  nuisance  for  many  years, 
during  the  dry  season. 

Damage  Suits. — In  1882,  suit  was  brought  against  the  city  for 
sewage  pollution  of  springs  on  the  property  of  Peter  Good,  11,400 
feet  southward  from  the  city  limit.  After  appealing  this  case  to 
the  Supreme  Court,  the  city  paid,  in  1895,  in  interest  and  costs 
added  to  the  original  verdict  of  85,000,  damages,  amounting  to 
86,555.36.  Another  suit  was  brought,  in  #1SS9,  for  damages  for 
contamination  of  the  “  Big  Spring,”  on  the  W.  II.  H.  Ivinsel 
property,  11,100  feet  from  the  city  limit.  Judgment  was  entered 
against  the  city,  in  this  case,  in  1895,  for  $2,812.45.  These 
springs  are  shown  on  the  accompanying  map.  It  is  possible  that 
sewage  from  the  stream  may  reach  these  springs,  through  under¬ 
ground  channels  in  the  limestone. 

Nothing  was  done  by  the  city  towards  improvement  of  old 
sewage-disposal  methods,  except  the  survey  and  estimate  herein 
noted,  until  January,  1895.  It  was  then  determined  to  take 
action,  and  to  be  guided  by  engineering  advice. 

Engineering  Advice. — Mr.  Rudolph  Hering,  a  member  of  this 
Club,  was  called  upon,  and  on  February  4th,  he  visited  Altoona 
and  went  over  the  ground  of  the  proposed  sewer  and  filter-beds. 
Mr.  Hering,  in  his  report  to  the  City  Councils,  February  7,  18J>5, 
said:  “  Whatever  may  be  the  future  mode  of  disposal,  the  sewage 
will  first  have  to  be  carried  further  down  the  valleys.  This  part 
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of  the  work  is  advised  at  present.”  It  was  then  supposed  that 
the  dilution  of  the  sewage,  at  Sugar  Run  and  by  the  other 
streams  coining  in  below,  would  prevent  any  complaint  until  a 
larger  growth  of  the  city  would  make  sewage  treatment  neces¬ 
sary.  The  town  of  Hollidaysburg,  however,  took  another  view 
of  the  matter,  and  the  prospect  of  further  damage  suits  made  it 
advisable  to  proceed  at  once  to  make  final  and  satisfactory  dispo¬ 
sition  of  the  city’s  sewage.  Elsewhere  in  his  report  Mr.  Hering 
said :  “  The  best  means  of  purifying  sewage  is  by  filtration 
through  sand,  soil,  or  artificially  prepared  materials.  Natural 
filtration  through  sand  is  to  be  preferred  in  every  case  where 
sufficient  territory  can  be  secured  for  the  purpose  at  a  fair  price. 
The  sewage  must  be  applied  intermittently,  so  as  to  allow  suffi¬ 
cient  time  and  opportunity  for  oxidation  of  the  organic  matter 
to  take  place  in  the  interstices  of  the  sand.”  Different  methods 
of  sewage  treatment  were  described  and  the  subject  was  fully 
discussed.  Mr.  Hering  had  gone  over  the  ground  in  1888,  and 
at  that  time  suggested  such  a  sewer  as  is  now  constructed  to 
Sugar  Run,  and,  in  1889,  the  writer,  acting  on  this  suggestion, 
made  a  survey  and  an  estimate  of  cost  for  this  work. 

Hollidaysburg’ s  Objections. — In  November,  1895,  after  the  con¬ 
struction  of  this  sewer  was  begun,  the  people  of  Hollidaysburg, 
who  objected  to  Altoona’s  sewage  being  discharged  #  three  miles 
nearer  to  their  town,  made  complaint  before  the  Court.  An  in¬ 
junction  was  soon  granted,  which  still  restrains  the  city  from 
making  any  use  of  the  sewer  until  after  the  construction  and  suc¬ 
cessful  operation  of  the  filter-beds. 

Capacity  of  Outfall  Sewer. — This  sewer  is  capable  of  carrying 
nearly  27  cubic  feet  of  water  per  second,  from  the  Fourth  District 
sewer ;  or  17,230,000  gallons  daily. 

The  contract  for  its  construction  was  awarded  to  Messrs.  Camp¬ 
bell  &  Dennis,  of  Joliet,  Ill.,  September  7,  1895.  The  work  was 
completed  August  7,  1896,  at  a  cost  of  $42,912.49.  Five  per 
cent,  of  this  amount  is  retained  until  the  contractor  shall  make 
the  sewer  practically  impervious  to  ground-water.  During  con¬ 
struction,  small  openings  were  left  in  the  bottom  of  the  sewer,  to 
allow  the  ground-water  to  flow  through,  at  a  few  places,  where  it 
was  troublesome.  The  contractor  was  given  the  choice  between 
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this  method,  with  its  necessary  pumping,  and  laying  an  under¬ 
drain.  At  this  writing,  February  18th,  considerable  progress  has 
been  made  in  calking  this  sewer,  with  oakum  and  Portland 
cement. 

Ground-  Water  in  Sewer. — Weirings  of  the  flow  in  the  sewer, 
taken  December  15  and  10,  18S0,  showing  the  extent  of  the  leak¬ 
age,  are  here  given. 

Tests  of  Sand  for  Filtration. —  In  August,  1895,  test-pits  were  dug 
on  the  site  of  the  proposed  filter-beds  to  the  ground-water  level, 
which  was  from  six  to  nine  feet  below  the  surface,  and  samples 
of  the  soils  were  taken  from  these  pits  by  Mr.  Allen  Hazen,  Con¬ 
sulting  Engineer. 

Mr.  Hazen’s  report  to  the  Committee  on  Sewage  Disposal, 
November  22,  1895,  says:  “The  material  of  this  land  is  made  up 
of  two  distinct  layers.  The  upper  layer  is  from  one  to  five  feet  in 
depth  in  different  parts  of  the  field  and  consists  of  a  fine,  sandy 
soil  or  loam  with  fine  sand  below.  The  upper  part  or  soil 
differs  from  the  lower  part  of  the  layer  only  in  containing  more 
organic  matter,  and  the  difference  is  not  great  enough  to  warrant 
any  subdivision  of  the  material  in  handling  it.  The  material 
allows  water  to. percolate  through  it  somewhat  freely,  but  it  con¬ 
tains  a  considerable  amount  of  iron  and  alumina,  as  is  shown  in 
the  chemical  analyses  appended  to  this  report,  and  these  and 
other  gelatinous  materials  allow  it  to  be  compacted  more  closely 
than  pure  sand  and  to  cake  together  into  a  solid  mass  upon  dry¬ 
ing  after  having  been  wet.  The  second  kind  of  material  under¬ 
lies  the  upper  layer,  and  is  much  more  open  in  its  texture,  and 
consists  of  particles  ranging  all  the  way  from  moderately  fine  sand 
to  bowlders  a  foot  in  diameter.” 

Diagram  of  Mechanical  Analysis. — A  diagram,  showing  the 
percentages,  by  weight,  of  these  filtering  materials,  of  different 
diameters  of  grains,  was  prepared  by  Mr.  Hazen.  See  page  90. 

Capacity  of  Filtration  Plant. — These  filter  beds  must  provide  for 
about  750,000  gallons  of  sewage  per  day,  at  present,  estimating 
50  gallons  per  capita  daily  from  a  population  of  15,000.  This 
does  not  include  rain-water  or  ground-water.  There  are  no  large 
manufacturing  establishments,  and  little  but  domestic  sewage  is 
discharged  into  the  sewers.  A  considerable  part  of  this  popula¬ 
tion  of  15,000  is  not  directly  connected  with  the  sewers. 


Per  Cents  by  Weight. 
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Diagram  of  Mechanical  Analysis  of  Soil.  Prepared  by  Allen  Hazen,  C.  E. 


Loaned  by  The  Engineering  News  Publishing  Company. 
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Corn  will  be  planted  on  the  filter  beds  this  year  if  the  work  of 
grading  is  completed  in  time. 

Cost  of  Land. —  The  City  purchased  from  the  Burns’  Estate 
95y^  acres  of  land,  February  21,  189G,  for  §12,000.  Of  this  area 
nearly  70  acres  are  available  to  be  graded  for  sewage- beds. 

Underdrains  Contract. — The  contract  for  laying  a  system  of 
underdrains,  of  agricultural  drain  tiles  and  terra-cotta  sewer- 
pipe,  was  awarded  to  Mr.  M.  V.  Orner,  April  3,  1896.  These 
underdrains  are  from  four  to  six  feet  below  the  level  of  the  pro¬ 
posed  filter-beds.  The  work  under  this  contract  was  finished 
August  4,  1896,  at  a  cost  of  $5,438.86.  Details  of  this  work  are 
shown  in  appended  statements. 

Filter-Beds  Contract. — The  contract  for  the  grading  of  the  filter 
beds,  the  construction  of  the  18-inch  pipe  sewer  from  the  outfall 
sewer  at  Sugar  Run,  1,439  feet  southward,  the  16-inch  iron 
siphon  under  the  river,  the  screen  tank,  sewage  carriers,  10-inch 
siphon,  gate  chambers,  etc.,  was  awarded  to  Mr.  M  m.  H.  Herr, 
August  7,  1896.  There  has  been  expended  upon  this  work 
§7,5*22.50.  The  principal  work  remaining  to  be  done  is  the 
grading  of  the  sewage-beds.  It  is  intended  that  these  filter  beds 
shall  be  completed  and  in  operation  by  June,  1897. 

Specifications. — The  specifications,  a  copy  of  which  is  presented 
with  this  paper,  are  largely  the  work  of  Mr.  Hazen.  They  con¬ 
tain  much  information  that  must  be  omitted  from  a  paper  to  be 
read  in  one  evening. 

Cement. — American  Portland  cement  was  used  in  all  masonry 
and  sewer  work.  Seven-day  tests,  for  tensile  strength,  of  neat 
cement  were  made  from  samples  taken  from  the  cars  or  ware¬ 
house,  and  the  use  of  any  lot  of  cement  before  its  acceptance  was 
prohibited.  There  is,  sometimes,  difficulty  in  enforcing  this 
provision  of  the  specifications.  The  cement  that  is  satisfactory  be¬ 
comes  scarce,  and  in  order  not  to  delay  construction,  various  sub¬ 
stitutes  are  allowed  to  be  used  after  one-day  tests.  It  would  be 
better  policy  for  the  city  to  purchase  all  cement  and  to  furnish  it 
to  the  contractor  as  required. 

Concrete  Sewer. — The  construction  of  a  33 x  44"  brick  sewer, 
one  brick,  or  four  inches,  in  thickness,  strengthened  by  from  four 
to  six  or  eight  inches  of  concrete,  was  accomplished  without  ditli- 
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culty  by  the  use  of  forms  shown.  The  invert  is  made  of  vitrified 
shale  paving  brick.  The  cost  of  such  a  sewer  is  less  than  that 
of  a  two-ring,  (SJ-  inches)  brick  sewer  of  the  same  size.  Under 
Burgoon’s  Run,  the  sewer  was  protected  by  extra  thickness  of 
concrete  on  both  sides,  and  by  rubble  masonry.  The  27-inch 
pipe-sewer,  under  Mill  Run,  is  encased  in  concrete  from  bottom 
to  top,  twelve  inches  on  each  side  more  than  the  diameter  of  the 
pipe,  and  nine  inches  above  the  top;  1J  inches  of  mortar;  one 
part  cement  to  one  part  sand  ;  was  laid  on  the  top,  before  the  con¬ 
crete  was  set. 


Cross-Section  of  Brick  and  Concrete  Interceptino-Sewer. 

Intake. — The  intake  opening  is  made  through  the  eastern 
wall  at  the  outfall  of  the  Fourth  District  sewer,  and  its  center  is 
13.3  feet  from  the  end  of  the  sewer,  which  is  near  the  citv  line. 
A  dam  six  feet  long  is  built  upon  the  rock  bottom  and  between 
the  two  walls  at  the  sewer  outfall,  to  an  elevation  of  one  foot  above 
the  top  of  the  intake  opening.  This  dam  will  divert  the  ordin¬ 
ary  flow  of  the  sewer  and  rainfall  flow,  amounting  to  27  cubic 
feet  per  second,  into  the  27-inch  outfall  sewer.  The  intake  is 
guarded  by  fourteen  iron  bars,  f  inch  x  4  inches  and  10  to  11J 
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feet  long,  set  5  inches  apart  from  center  to  center,  so  as  to  offer 
the  least  obstruction  to  the  flood-water. 

Manholes. — Manholes,  generally,  are  oval,  3P  x  4P,  in  plan  at 
the  top  of  the  sewer.  The  bottom  of  each  manhole  is  made  to 
conform  to  the  grade  and  shape  of  the  sewer.  Perforated  man¬ 
hole  covers,  and  frames  of  the  pattern  used  in  Providence,  R.  I., 
are  used. 

It  is  intended  that  these  manholes  shall  be  used  for  sewer  con¬ 


nections  for  the  towns  of  Millville,  Allegheny  and  Westmont,  on 
Mill  Run  ;  with  a  population  of  1100  ;  and  for  Llyswen,  if  City 
Councils  will  grant  permission  to  these  towns  for  such  use  of  the 
sewer. 

Special  Manhole. — At  Sugar  Run,  an  18-inch  sewer  will  carry 
the  sewage  from  the  larger  brick  sewer  towards  the  filter  beds. 
In  a  special  manhole  shown  in  Fig.  3,  a  dam  will  be  built  of  suffi¬ 
cient  height  to  divert  the  sewage  flow  into  the  18-inch  pipe. 
When  there  is  an  excess  of  water  in  the  larger  sewer  it  will  over- 
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flow  the  dam  and  be  discharged  at  the  junction  of  Mill  Run  and 
Sugar  Run.  A  sluice  gate  in  this  manhole,  at  the  opening  for 
the  18-inch  sewer,  will  allow  the  shutting  off  of  all  flow  through 
it  in  time  of  heavy  rainfall,  and  a  lo-inch  gate  in  the  dam  being 
opened  (and  in  such  a  manner  that  it  will  be  out  of  the  way  of 
the  storm-water  flow),  will  prevent  the  accumulation  of  sand  and 
gravel  in  the  manhole  and  sewer. 

Screen  Tank. — The  screen  tank  is  provided  with  a  screen,  8 


feet  long,  of  \n  x  2"  x  45"  iron  bars,  set  edgewise  to  the  flow,  and 
one  inch  apart  from  center  to  center.  The  lower  ends  of  these 
bars  are  imbedded  in  the  concrete  bottom.  A  wooden  grating 
platform,  2.5' x  8'  is  fixed  3  feet  above  the  bottom,  upon  which 
the  solid  matter,  raked  from  the  grate,  may  drain  before  it  is 
thrown  out  to  be  burned  or  otherwise  disposed  of.  A  simple 
form  of  cast-iron  gate  serves  to  direct  the  flow  of  sewage.  These 
gates,  of  10,  12  and  15  inches  diameter,  are  also  used  in  the  gate- 
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chambers.  All  of  these  structures  are  built  of  brick  upon  con¬ 
crete  bottoms,  12  inches  in  thickness.  The  walls  are  finished 
with  vitrified  paving  brick  set  on  edge,  in  1  to  1  Portland  cement 
mortar,  for  coping. 

Owing  to  the  fact  that  for  all  of  the  work  herein  described 
cash  was  to  be  paid,  on  monthly  estimates,  the  money  having 
been  secured  by  the  sale  of  bonds  by  the  city,  the  bidding,  when 
the  contracts  were  to  be  awarded,  was  lively.  Contracts  were 
awarded  to  the  lowest  bidders,  and  in  every  case  for  less  than 
the  engineer’s  estimate.  In  the  case  of  the  out-fall  sewer,  it  was 
so  evident  that  the  lowest  bidder  must  suffer  considerable  loss 
that  the  writer  called  the  attention  of  the  Committee  on  Sewage 
Disposal  to  the  fact.  The  Committee,  however,  felt  bound  to 
accept  the  lowest  bid.  The  contractor  showed  that  he  was  fully 
responsible  and  he  complied  with  the  requirements  as  to  furnish¬ 
ing  bonds,  etc.  He  also  proved  that  he  had  had  large  experience 
in  sewer-work.  Notwithstanding  the  loss  he  was  obliged  to 
suffer — even  with  the  favorable  conditions  of  lower  prices,  gener¬ 
ally,  for  materials  and  labor  than  were  anticipated — the  work  was 
done  by  the  contractor,  on  the  whole,  conscientiously.  One  ex¬ 
ception  to  be  noted  in  the  general  good  quality  of  the  work  is  the 
result  of  the  employment  of  unskilled  labor.  Among  the  pipe- 
layers  and  bricklayers  there  were  those  who  would  not  or  could 
not  make  water-tight  joints,  as  the  specifications  require.  The 
closest  and  most  constant  inspection,  and  such  as  was  not  pro¬ 
vided,  would  hardly  have  made  water-tight  work,  without  good 
workmen.  The  contractor  is  now  remedying  this  defect  in  the 
sewer. 

Tables  of  Bids  Received. — Tabulated  statements  of  all  bids  re¬ 
ceived  are  appended  ;  also,  a  general  map  and  profile  view  of  the 
sewer,  and  the  eastern  sewage-carrier  in  the  filter  bed,  and  plans 
and  profiles  of  some  of  the  details  of  the  work 
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RAINFALL, 

in  1895-1896. 

STREAM -FLOW 

FROM  RECORDS 

at  Kittanning  Point.  From  Weir  Measure- 

of  Dr.  Chas.  B.  Dudley, 
at  Altoona,  Pa. 

of  Altoona  Water  Dep’t, 
at  Kittanning,  Pa. 

Gallons  per  24  Hours. 

Month. 

Inches 

Inches. 

Dec., 

1894 . 

270,927,500 

Jan’y, 

1895, 

3.22 

3.758 

Jan’y, 

1895 . 

341,908,000 

Feb’y, 

1895. 

017 

0.613 

Feb’y, 

1895 . 

65,599,000 

March,  1895, 

1.05 

1.836 

March, 

1895 . 

662,386,000 

April, 

1895, 

2.16 

3.666 

April, 

1895 . 

836,541,500 

May, 

1895, 

0.80 

1.713 

May, 

1895 . 

93,397,500 

June, 

1895, 

3.75 

5.178 

June, 

1895 . 

14,951,000 

July, 

1895, 

1.75 

3.144 

July, 

1895 . 

12,279,500 

Aug., 

1895, 

1.64 

2.982 

Aug., 

1895 . 

No  flow. 

Sept., 

1895, 

2.28 

2.854 

Sept., 

1895 . 

«  « 

Oct., 

1895, 

0.55 

1.318 

Oct., 

1895 . 

u  « 

Nov., 

1895, 

1.30 

1.320 

Nov., 

1895 . 

1C  u 

Dec., 

1895, 

2.50 

3.202 

Dec., 

1895  . 

19,510,500 

21.17 

31.584 

2  046,573,000 

Jan’y, 

1896, 

0.87 

0.750 

Jan’y, 

1896 . 

26,008,000 

Feb’y, 

1896, 

1.94 

1.238 

Feb’y, 

1896 . 

338,844,000 

March 

1896, 

1.77 

1.681 

March, 

1896 . 

482,732,500 

'April, 

1896, 

1.38 

2.057 

April, 

1896 . 

May, 

1896, 

2.70 

3.974 

May, 

1896 . 

June, 

1896, 

7.69 

8.079 

June, 

1896 . 

July, 

1896, 

4.22 

5.958 

July, 

1896 . 

Aug., 

1896, 

1.70 

2.524 

Aug., 

1896  . 

Sept., 

1896, 

6.03 

7.098 

Sept., 

1896 . 

Oct., 

1896, 

1.66 

2.630 

Oct., 

1886 . 

Nov., 

1896, 

2  59 

3.323 

Nov., 

1896 . 

Dec., 

1896, 

0  89 

1.722 

Dec., 

1896 . 

33.44 

41.034 

Weir  Measurements  made  below  55,000,000-gallon  Reservoir,  supplying  the  City  of  Altoona 
3,000,000  gallons  daily. 
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ANNUAL  RAINFALL 


FOR  THIRTEEN  YEARS. 


At  Altoona,  Pa., 

as  observed  by 

At  Kittanning  Point:  300  feet 

Remarks. 

Dr.  Clias.  B.  Dudley. 

higher  than  Altoona. 

1884 . 

28.18  inches 

39.45  inches 

Assuming  that  the  rain- 

1885 . 

18.90 

it 

26.46 

« 

fall  at  Kittanning  Point 

1886. . 

30.86 

43.20 

C 

is  40  per  cent,  greater 

1887 . 

25.88 

36.23 

n 

than  at  Altoona. 

1888 . 

33.62 

n 

47.07 

03 

G 

1889 . 

37.03 

51.84 

O 

O 

GO 

G 

< 

o 

** 

1890 . 

41.99 

<< 

58.79 

c3 

o' 

u 

c 

p 

1891 . 

37.84 

« 

52.98 

o3 

r+. 

03 

O 

u 

1892 . 

29.50 

(( 

41.30 

O 

a 

'rt 

o 

u 

= 

1893 . 

30.62 

M 

42.87 

bO 

o 

< 

1894 . 

31.55 

u 

44.17 

o 

O  inches 

<1 

1895 . 

21.17 

it 

29.63  inches 

31.58 

Actual  Measurem’t,  49.2* 

• 

< 

<3 

1896 . 

33.44 

a 

46  82 

a 

41.03 

“  “  23.0^ 

^renter  than  at  Altona. 

Average.... 

30.81  inches 

43.13  inches 
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FINAL  ESTIMATE,  August  7,  1896, 
of  Cost  of  Sewer  between  Altoona  and  Sugar  Run. 
Campbell  &  Dennis,  Contractors,  Joliet,  Ill. 


5,774  lin.  ft.  excav.  and  B.  F.  for  brick  sewer, 

@  $0.60 

$  3,464  40 

3,110  “  “  “  “  “  “  30/7  pipe  sewer, 

U 

.25 

777  50 

6,083  “  “  “  “  “  27"  “  “ 

U 

.20 

1,216  60 

167  cu.  yds.  excav.  for  masonry,  etc . 

(C 

.50 

83  50 

$  5,542  00 

5,774  lin.  ft.  brick  sewer,  33j"x  44" . 

(( 

1.50 

8,661  00 

3,110  “  “  pipe  sewer,  30",... . . . 

C( 

2.50 

7,775  00 

6,083  “  “  “  “  27" . 

a 

2.00 

12,166  00 

32  manholes . 

«< 

25.00 

800  00 

29,402  00 

1,173.3  cu.  yds.  concrete  masonry . 

u 

5.00 

5,891  50 

44  “  “  rubble  “  . 

a 

6.00 

264  00 

9.2  “  “  riprap  “  . 

u 

3.00 

27  60 

6,183  10 

Rock  excavation  ( force  acc’tl . 

984  94 

Intake,  complete . 

200  00 

Extra  work  and  bills . 

600  45 

$42,912.49 
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FINAL  ESTIMATE,  August  4,  1896, 

of  Cost  of  System  of  Underdrains  for  Sewage-beds  at  Creswell  Station, 

four  miles  south  of  Altoona,  Pa. 

M.  V.  Orner,  Contractor. 


12 

feet 

15-i 

inch 

iron 

pipe.. 

. © 

24 

ii 

10 

u 

ii 

ii 

» 

60 

u 

6 

« 

ii 

a 

ii 

186 

a 

15 

ii 

terra-cotta 

P^e . 

ii 

405 

<( 

12 

a 

ii 

ii 

ii 

715 

4< 

10 

it 

ii 

ii 

a 

695 

« 

8 

u 

it 

ii 

ii 

1,202 

it 

6 

a 

tile  underd 

rains . 

tt 

10,952 

ii 

5 

a 

ii 

ii 

li 

9,795 

u 

4 

it 

u 

ii 

it 

5,515 

tt 

3 

It 

ii 

ii 

<« 

Add  16.12  per  cent,  of  $443.69  for  extra  excavation  in  Division 
“C”  of  filter-beds . 


$1.55 

$  18  60 

0.75 

18  00 

10.46 

27  60 

0.52 

96  72 

0.39 

157  95 

0.33 

235  95 

0.27 

187  65 

0.18 

216  36 

0.17, 

1,S61  84 

0.165 

1,616  18 

0.155 

854  89 

71  52 

Add  151.2  cubic  yards  excavation  in  water 


© 


0.50 


75  60 


» 


$5,43S  5*6 
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WEIR  MEASUREMENTS  OF  FLOW  OF  SEWAGE 


At  the  Fourth  District  Sewer  Outfall,  Altoona,  Pa.,  in  October,  1895. 

(From  September  28th,  to  December  LOth,  1895,  84  days,  the  water-supply  of 
the  city  was  cut  off,  except  between  the  hours  of  4  and  8  p.m.) 


1896 

Hour. 

Depth  of 
Flow  at 

W  eir. 

FLI 

Cubic  feet 
per  Second. 

OW. 

Gallons  per 
24  hours. 

Remarks. 

Oct. 

4 

JL  •  •  •  • 

7.10  P.M. 

0.156  ft. 

0.816 

527,350 

'  Weir,  4  feet  wide. 

« 

5  •  •  •  • 

7.12 

a 

0.135  “ 

0.660 

426,539 

(( 

7  ...  . 

5.45 

U 

0.125  “ 

0.588 

380,008 

a 

8  ...  . 

5.25 

u 

0.135  “ 

0.660 

426,539 

a 

9  ...  . 

6.15 

u 

0.146  “ 

0.741 

478,888 

u 

10  ...  . 

2.45 

(f 

0.060  “ 

0.222 

143,472 

Water  supply  cut  off. 

u 

11  ...  . 

6.40 

tt 

0.170  “ 

0.8653 

559,240 

u 

12  ...  . 

6.07 

It 

0.156  “ 

0.816 

527,350 

Extreme  Dry- Weather  Flow  of  Sugar  Run  and  Mill  Run  at  End  of  Sewer. 

for  Many  Years. 


Lowest 


1895 

C.  f.  s. 

Gallons  per 
24  hours. 

Remarks. 

Nov.  8  .  .  .  . 

0.96 

621,930 

Sugar  Run. 

Nov.  11  ...  . 

1.12 

728,957 

Mill  Run. 

2.08 

1,350,887 

Little  Juniata  River. 
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WEIR  MEASUREMENT 

Of  Flow  of  Ground-Water  in  the  Outfall-Sewer  Between  Altoona  and  Sugar  Run. 

Twelve-inch  weir,  with  contractions. 


Time — 1896. 

Manhole  No. 

Station. 

Depth  on 
Weir,  feet. 

Cubic  feet 
per  Second. 

Gallons  per 

24  hours. 

Dec.  16 . 

I 

4  4-  50 

.0 

.0 

“16 . 

III 

12  -f-  93 

.0 

.0 

“16 . 

IV 

16  +  75 

.072 

.065 

42,010 

“15 . 

IX 

40  +  34 

.075 

.068 

43,950 

“15 . 

XIII 

61  4-  09 

.078 

.073  ' 

47,181 

“15 . 

XV 

73  4-  93 

.097 

.100 

64,631 

“15 . 

XIX 

93 

.130 

.154 

99,533 

“15 . 

XXII 

98 

.130 

.154 

99,533 

“15 . 

XXV 

108  4-  97 

.190 

.269 

173,859 

“15  ...... 

XXVII 

119  4-  32 

.199 

.288 

186,139 

“15 . 

XXIX 

127  4-  93 

.231 

.356 

230,620 

“15 . 

XXX 

133 

.231 

.356 

230,620 

“  15  .  ... 

XXXI 

13/  4“  38 

.268 

.448 

2S9.386 

“15 . 

XXXII 

143  4-  29 

.307 

.544 

351,875 

Station  150  -f-  73  is  at  the  outfall  at  Sugar  Run. 
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DISCUSSION. 

Mr.  Allen  Hazen  (Visitor;  Boston). — I  do  not  think  that  the 
diagram  which  Mr.  Linton  has  shown 'needs  much  explanation. 
AVe  found  at  Lawrence  a  long  time  ago  that  the  action  of  filtering 
materials  depends  more  upon  the  sizes  of  the  particles  composing 
them  than  upon  any  other  condition.  The  sizes  of  the  particles  in 
various  materials  were  measured,  and  the  diagram  is  reproduced 
from  one  of  the  sheets  in  use  for  recording  the  results  of  such  ex¬ 
aminations.  The  vertical  lines  represent  the  separations  which 
are  used.  The  coarser  ones  represent  sieves.  For  instance,  the 
line  marked  .27  represents  a  sieve  which  allows  particles  smaller 
than  .27  millimeter  to  pass,  and  retains  larger  particles.  The 
separations  less  than  a  tenth  of  a  millimeter  represent  beaker 
elutriations.  The  horizontal  lines  show  the  percentages  by 
weight,  and  the  curve  representing  the  analysis  of  a  material 
drawn  on  this  sheet  shows  at  once  the  percentage  by  weight  of 
particles  finer  than  any  given  size. 

You  will  notice  that  the  soil  is  considerably  finer  than  the  sub¬ 
soil.  The  upward  bend  in  the  subsoil  curve  toward  the  upper 
end  is  due,  I  think,  not  to  any  such  actual  curve  in  the  material  as 
a  whole,  but  to  the  fact  that  particles  larger  than  an  inch  and  a 
half  or  two  inches  in  diameter  were  not  included  in  the  samples, 
and  are,  therefore,  not  represented  in  this  plotting.  You  will 
notice  the  light  line  which  is  lithographed  on  the  sheet  and 
represents  the  average  of  analyses  of  about  one  hundred  sands 
used  in  European  water  filtration,  and  is  put  upon  the  sheets  as 
a  standard  of  comparison,  particularly  for  sands  for  use  in  water 
filtration.  In  sewage  purification  a  much  wider  range  of  ma¬ 
terials  can  be  satisfactorily  used  than  are  suitable  for  water 
purification. 

An  inverted  syphon  similar  to  the  one  at  Altoona  has  been 
used  at  Gardner,  Mass.,  for  a  number  of  years.  The  sewage  has 
but  a  slight  velocity  through  it,  and  the  heavier  matters  from  the 
sewage  are  deposited  at  the  bottom  of  the  pipe  until  they  nearly 
fill  it  and  block  the  passage  of  the  sewage.  The  sewage  then 
backs  up  for  a  few  feet  until  it  acquires  a  sufficient  pressure  to 
force  the  accumulation  out,  as  it  does  at  once.  This  clogging 
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and  cleaning  takes  place  regularly,  without  trouble,  at  moder¬ 
ately  short  intervals. 

The  President. — I  am  glad  to  hear  you  used  American  ma¬ 
terials  throughout  the  work. 

Mr.  Raymond  W.  Smith. — Was  the  sewage  still  discharged 
into  the  stream?  Would  not  that  be  objectionable? 

Mr.  Linton. — The  sewage  is  carried  down  to  the  junction  of 
Mill  Run  and  Sugar  Run,  to  about  3  miles  from  the  city,  where 
there  is  40  square  miles  of  drainage  area.  During  a  storm  the 
waters  are  away  up  and  I  do  not  think  you  would  find  any  trace 
of  sewage.  At  the  city  line  there  is  a  drainage  area  of  square 
miles.  The  greater  part  of  this  area  is  outside  the  city  limits. 
Whenever  there  is  much  rainfall  a  flood  of  water  comes  down 
and  fills  to  overflowing  the  sewers  and  carries  everything  be¬ 
fore  it.  It  would  be  impossible  at  this  time  to  take  care  of  all 
the  storm  waterflow  by  building  storm  sewers.  We  have  not  a 
separate  system  of  sewerage  over  all  the  city.  Some  time  in  the 
future  the  city  will  cut  off  the  sewage  carriers  into  a  separate  sys¬ 
tem  and  leave  the  old  sewers  to  carry  off  the  storm  water. 

Mr.  Smith. — One  more  question.  You  speak  of  stopping  the 
leak  in  the  brick  sewers  with  oakum  and  cement.  I  would  like 
to  know  to  what  degree  that  does  stop  the  leaks  and  how  long 
they  will  stay  stopped. 

Mr.  Linton. — It  depends  upon  how  the  workmen  do  the  work. 
I  have  reports  from  the  parties  doing  the  work  that  they  are  suc¬ 
ceeding.  It  takes  a  good  deal  of  work.  They  wet  the  oakum 
and  put  in  the  cement  and  oakum  with  thin  chisels  until  the 
flow  is  stopped.  They  say  it  stays,  as  far  as  they  have  gone. 
The  contractor  objected  to  doing  this  work,  and  was  likely  to 
give  us  some  trouble.  In  order  to  settle  the  question  I  offered  to 
do  the  work  and  guarantee  it  done  satisfactorily  for  $200,  and  if 
it  cost  any  more  the  city  should  pay  it,  and  to  this  proposition 
the  Committee  on  Sewage  Disposal  gave  its  approval.  The  con¬ 
tractor  decided  to  go  ahead  and  do  it  himself,  and  he  is  trying 
faithfully  to  do  the  work.  The  leaks  must  be  stopped  at  all  haz¬ 
ards.  It  is  certainly  possible  to  do  it. 

Mr.  D.  A.  Hegarty. — I  would  like  to  ask  a  question  about 
those  screens.  How  many  are  there  ? 
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Mr.  Linton. — There  is  one  screen  only,  about  8  feet  long. 

Mr.  L.  Y.  Schermerhorn. — You  refer  to  a  difference  of  about 
50  per  cent,  in  the  rainfall.  How  far  are  the  gauges  laterally 
separated  from  each  other? 

Mr.  Linton. — About  5  miles.  It  (the  difference  in  rainfall) 
was  49  per  cent,  in  1895,  and  in  1896  only  23  per  cent.  In  both 
cases  the  higher  gauge  gives  the  greater  amount. 

Mr.  Schermerhorn. — I  would  like  to  know  how  high  are  the 
banks  that  separated  the  sewage  and  the  sewage  beds  ? 

Mr.  Linton. — The  outside  banks  are  all  about  3  feet  above  the 
beds,  the  inside  banks  separating  the  higher  beds  from  the  next 
lower.  The  elevation  of  these  embankments  is  about  one  foot 
above  the  level  of  the  higher  bed,  with  the  exception  of  some 
beds  which  will  probably  have  3-feet  banks.  The  majority  are 
about  1  foot,  excepting  the  outside  banks,  which  are  3  feet. 

Mr.  Schermerhorn. — You  refer  to  a  tile  drain  about  2  feet 
below  the  bottom  of  the  creek. 

Mr.  Linton. — The  tile  drains  are  not  laid  anywhere  less  than 
4  feet  in  depth.  In  the  filter  bed  “  C,”  after  we  cross  the  stream, 
we  found  that  by  draining  it  all  out  at  one  point  we  could  get 
lower  down.  In  doing  it  we  got  2  feet  below  the  bed  of  the 
stream. 

Mr.  Smith. — Then  how  do  you  dispose  of  it  through  the  tile 
drains  ? 

Mr.  Linton. — The  tile  drain  has  a  fall  of  per  cent,  to  -j^per 
cent,  and  the  stream  2  to  3  or  4  feet  per  100  feet.  The  stream  is 
above  the  level  of  the  beds,  above  the  outlet  of  the  drains,  but 
the  outlet  is  above  the  stream  surface.  It  was  an  experiment.  I 
was  afraid  the  water  would  come  in  from  the  stream  through  the 
ground  and  fill  up  the  tile  drains,  but  it  did  not. 

Mr.  Harrison  Souders. — The  following  data  from  the  report 
of  Sr.  Emilio  R.  Coni,  to  the  Public  AVorks  Commission  of  Buenos 
Ayres,  will  be  interesting  in  connection  with  the  subject  of  sewage 
disposal.  It  was  published  in  the  Anales  de  la  Sociedad  Cientific 
Argentina,  in  June,  1896. 

At  Gennevilliers,  near  Paris,  there  is  an  area  of  776  hectares 
(1917  acres)  irrigated  with  the  sewage  from  Paris.  Of  these  only 
6  hectares  (about  15  acres)  are  owned  by  the  municipality.  The 
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rest  of  the  area  belongs  to  private  parties  who  receive  the  sewago 
when  they  ask  for  it. 

The  sewage  is  distributed  by  a  network  of  concrete  conduits 
varying  in  size  from  1.25  m.  (about  4'  1")  diameter  to  0.3  m. 
(about  1*2")  diameter.  The  most  of  it  being  from  0.45  m.  (18")  to 
(2')  diameter. 

The  total  length  is  about  31  miles,  of  which  3  miles  are  open 
conduits.  The  conduits  are  generally  built  under  the  roads  and 
lanes  of  the  districts.  Distributing  valves  are  placed  in  the  con¬ 
duits  where  required. 

The  district  is  divided  into  three  zones,  which  are  irrigated  in 
turn  ;  three  foremen  and  twenty-three  helpers  looking  after  the 
distribution. 

Of  the  6  hectares  owned  by  the  city,  about  4  are  rented  out  at 
GOO  frs.  (£120)  per  hectare  per  annum.  (£48  per  acre.) 

The  remaining  two  are  used  in  carrying  on  experiments  in 
irrigation  and  filtration. 

In  1893  a  total  of  33,421,299  cubic  meters  of  sewage  was  dis¬ 
tributed;  an  average  of  43,000  cubic  meters  per  hectare,  equal  to 
615,000  cubic  feet  per  acre,  at  a  cost  to  the  city  of  about  twelve 
cents  per  1,000  cubic  feet.  The  land  at  Gennevilliers  is  composed 
of  sand  and  gravel  of  good  quality  and  is  underdrained,  there 
being  five  principal  drainage  pipes  discharging  into  the  Seine 
River.  The  effluent  is  limpid,  fresh  and  entirely  free  from 
organic  nitrogen  and  very  poor  in  microbes. 

On  the  land  treated  as  above  are  raised  young  trees  and  plants, 
alfalfa  and  such  vegetables  as  cabbage,  potatoes,  celery,  beets, 
onions,  etc. 

Mr.  Rudolph  Hkring. — In  reference  to  the  inverted  syphon 
by  which  you  took  the  sewage,  did  I  understand  it  was  16  inches 
in  diameter,  and  the  sewer  discharge  into  it  18  inches?  How 
full  is  the  18- inch  sewer  supposed  to  run  usually? 

Mr.  Linton. — It  has  not  been  in  operation  yet. 

Mr.  Herjng. — Is  it  half  full,  or  do  you  expect  it  to  run  any¬ 
thing  like  that  ? 

Mr.  Linton. — Nearly  full. 

*  Mr.  Herixg. — A  trouble  which  occurs  so  much  with  inverted 
syphons  carrying  sewage,  is  that  they  are  likely  to  till  up,  and 


106 


Discussion — Seivage  Disposal  at  Altoona.  [Proc.  Eng.  Club, 


that  is  influenced  by  the  velocity.  A  good  deal  of  care  should 
therefore  be  exercised  in  sizes.  A  difference  of  16  to  18  inches, 
strikes  me  as  being  very  little.  I  was  merely  inquiring  whether 
that  question  had  been  considered,  and  whether  the  calculation 
showed  that  the  syphon  would  not  prove  a  failure,  as  it  has  done 
in  other  places.  It  is  usual  to  make  it  much  smaller  and  put  in 
several  pipes  so  that  the  sewage  can  go  through  one  first,  and  if 
there  is  much  of  it,  overflow  into  another  and  so  on,  that  we 
maintain  the  velocity  and  scour  out  the  syphons  at  the  same 
time. 

Mr.  Linton. — In  order  to  make  it  go  fast  enough  we  carried 
the  grade  33  per  cent,  to  the  end  of  the  syphon,  and  there 
dropped  it  1  foot. 

Mr.  Hering. — The  syphon  below  is  run  full,  of  course  ? 

Mr.  Linton. — The  velocity  will  be  governed  by  the  quantity 
of  sewage  running  through  the  18-incli  sewer,  and  not  by  the 
grade.  We  may  not  have  gone  into  that  subject  as  carefully  as 
other  parts  of  the  work  were  considered. 

Mr.  Hering. — It  is  very  necessary  to  keep  those  syphons 
clear. 
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VI. 


THE  METHODS  AND  THE  RESULTS  OF  EXPERIMENTS  FOR 
THE  DETERMINATION  OF  THE  VELOCITY  OF  THE 
FLOW  OF  WATER,  UNDER  DIRECTION  OF  THE 
BUREAU  OF  SURVEYS,  CITY  OF 
PHILADELPHIA. 

By  Charles  Jacobsen,  C.E.,  Active  Member. 

Read ,  April  3,  1897. 

The  scientific  design  of  sewers,  especially  as  to  their  proper 
size,  is  being  conducted  upon  more  practical  ideas  than  formerly. 

In  order  to  determine  the  size  of  a  sewer,  the  former  practice 
was,  that,  for  every  acre  of  land  drained,  the  sewer  was  calculated 
to  carry  off  one  cubic  foot  of  water  per  second.  Later,  Mr.  Ru¬ 
dolph  Hering  introduced  the  Burkli  Ziegler  formula  for  the 
amount  of  rainfall  which  would  reach  the  sewer. 

The  quantity  of  the  discharge  is  expressed  in  a  very  simple 
formula,  viz. : 

Q  =  a  v.  where 
Q  =  quantity  of  discharge. 
a  =  area  of  water  section. 
v  —  velocity  of  flow  of  water. 

The  area  of  the  water  section  being  known,  it  is  very  essential 
that  the  velocity  of  the  flow  of  water  should  be  ascertained  as 
accurately  as  possible.  This,  at  present,  is  determined  from  for¬ 
mulas  depending  largely  upon  the  judgment  of  the  Engineer. 

Mr.  George  S.  Webster,  Chief  Engineer  of  the  Bureau  of  Sur¬ 
veys,  and  Mr.  George  E.  Datesman,  his  principal  assistant,  recog¬ 
nizing  this  fact  and  desiring  to  obtain  practical  data  on  this  sub¬ 
ject,  caused  these  investigations  to  be  commenced  by  the  Bureau 
of  Surveys,  under  direction  of  the  writer. 

In  order  to  determine,  in  a  practical  manner,  the  relative  per¬ 
centage  of  the  amount  of  rainfall  which  would  reach  the  sewer, 
several  pluviometers  or  rain-gauges  and  automatic  registering 
stream-gauges  have  been  placed  in  different  parts  of  the  city. 
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Observations  with  these  instruments  have  been  taken,  computa¬ 
tions  made,  and  although  this  work  is  still  in  its  infancy,  enough 
has  been  established  tc  warrant  their  continuance  for  further 
investigations. 

It  was  an  early  practice  to  use  floats  principally  to  determine 
the  velocity  of  the  flow  of  water  in  rivers  and  streams,  which 
was,  of  course,  very  unreliable,  inasmuch  as  they  were  affected 
by  local  conditions.  In  smaller  streams  and  canals,  “  Pitot 
tubes  ”  and  Waltman  tachometers  ”  have  been  used  with  some  suc¬ 
cess  (J.  T.  Fanning’s  treatise  on  “  Water  Supply,  etc.,”  page  322). 
In  rivers  and  streams  where  the  discharge  is  more  essential  than 
the  actual  velocity,  weirs  are  used.  This  is  sometimes  impracti¬ 
cable  and,  outside  of  small  channels,  expensive  ;  besides,  these 
weirs  would  have  to  be  built  to  certain  standard  measurements, 
in  order  to  apply  the  empirical  formulas  in  use  for  such  measure¬ 
ments. 

Current-Meters. 

These  difficulties  led  to  the  introduction  of  the  current-meters, 
which  may  be  divided  into  two  classes,  namely:  Cup-wheel 
meters  and  propeller-wheel  meters. 

The  cup-wheel  meters  can  be  used  with  or  without  the  electric 
register,  i.  e.,  they  are  either  direct-recording  meters  or,  as  the 
Ellis  and  Price  meters,  are  provided  with  electric  attachment. 

While  the  former  type  is  convenient  in  some  cases,  as  the  op¬ 
erator  is  not  annoyed  with  electric  batteries  and  connections,  it  is, 
nevertheless,  unreliable. 

It  must  be  held  perfectly  vertical,  as  the  least  tilt  in  a  horizon¬ 
tal  direction  causes  an  increased  velocity.  In  swift  streams,  this 
is  extremely  difficult,  the  force  of  water  tending  to  pull  the  meter 
down  stream,  thereby  inclining  it  to  the  horizontal.  Mr.  E.  E. 
Haskell  says  that  in  the  spring  of  1885,  while  in  the  employ  of 
the  U.  S.  Coast  and  Geodetic  Survey,  he  made  several  experi¬ 
ments  with  this  type  of  meter,  at  various  angles,  and  obtained 
the  results  as  given  on  Table  A. 

At  first  sight  these  results  may  seem  astounding,  but,  considering 
the  matter,  it  is  plain  we  get  what  should  be  expected.  By  tilting 
the  meter,  the  area  and  form  of  the  wheel  presented  to  current 
pressure  is  changed,  which  naturally  changes  the  rating  equa- 


Phila.,  1897,  XIV,  2.]  Jacobsen — Velocity  of  the  Flow  of  Water.  109 

tion.  This  led  to  the  introduction  of  the  propeller  type  of  wheel- 
meter.  If  the  writer  has  been  correctly  informed,  the  only  pro¬ 
peller-wheel  meters  in  use  are  the  Fteley  and  Stearns,  the  Clem¬ 
ens  Herschel,  the  Hall,  and  the  Ilaskell. 

Of  these  the  Bureau  of  Surveys  adopted  the  latter  type  for  its 
experiments,,  and  has  two  sizes  ;  the  smaller  being  used  only  in 
small  egg-shaped  sewers  and  pipes. 

In  this  type  of  wheel  we  find  that,  by  tilting  it  at  the  extreme 
angle  of  20  degrees,  the  results  will  be  only  2  per  cent,  or  3  per 
cent,  less  than  when  horizontal.  In  the  larger  size,  the  wheels 
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Table  A. 

are  inches  in  diameter,  and  in  the  smaller  they  are  4  inches 
in  diameter.  (See  Figs.  2  and  3). 

These  meters  have  each  two  revolving  wheels  of  the  same  di¬ 
ameter,  but  the  flukes  have  different  pitch,  one  somewhat  greater 
than  the  other,  for  use  in  different  currents  of  water,  and  are 
known  as  the  low-pitch  and  the  high-pitch  wheels.  The  inter¬ 
nal  diameters  are  also  alike  and  either  wheel  can  be  used  upon 
the  supporting  axis  or  pin.  In  the  center  of  the  upper  part  of 
the  meter  can  be  attached  a  hollow  rod,  through  which  the  insu¬ 
lated  wire  passes  for  connection.  To  the  lower  part,  a  foot  is 


110 


Jacobsen —  Velocity  of  the  Flow  of  Water.  [Proc.  Eng.  Club, 


attached  to  prevent  the  meter  from  being  sunk  into  mud,  or 
struck  against  stones  in  the  bottom  of  the  streams.  The  connec¬ 
tion  with  the  revolving  wheel  is  made  through  a  contact  spring- 
pin,  which  constantly  presses  against  the  wheel-bearing,  the  lat¬ 
ter  having  inserted  in  it  a  washer  composed  of  two  sections^ 
one-half  metal  and  one-half  hard  rubber.  Therefore,  when  the 
wheel  revolves,  as  soon  as  the  contact-pin  enters  the  metal  sec¬ 
tion,  the  register  will  commence  to  move,  the  current  being 
closed,  and  ceases  to  register  when  the  pin  comes  in  contact  with 
the  hard  rubber  section,  so  that  for  every  revolution  of  the  wheel 
the  register  will  move  one  point  forward. 


Current- Meters. 

The  register  in  use  is  known  as  the  AVatch  register  (Fig.  4). 

A  stop-watch  is  inserted  in  the  register  and  is  so  arranged 
that  when  the  watch  is  started  the  circuit  is  closed,  and  the  regis¬ 
ter  announces  at  once  the  revolutions  the  wheel  is  making,  at  the 
same  time  showing  on  the  watch  the  exact  time  to  a  quarter  of  a 
second ;  and  when  the  watch  is  stopped  the  circuit  is  opened, 
cutting  off  the  electric  current  and  stopping  the  register.  A 
third  pressure  upon  the  stem  of  the  watch  sends  the  hands 
back  to  zero,  but  still  leaves  the  connection  open.  By  pressing 
the  stem  the  circuit  is  again  closed  and  starts  the  watch  for  an¬ 
other  observation,  and  so  forth.  So  far,  most  of  the  work  has 
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been  done  with  the  meter  having  wheels  inches  in  diameter, 
on  account  of  its  easy  straight  line  rating  equation,  of  which  I 
will  speak  later. 

Rating. 

The  most  important  work  to  be  done  to  each  and  every  instru¬ 
ment  before  any  good  results  can  be  obtained,  is  to  ascertain  its 
rating  equation  ;  that  is,  the  number  of  times  the  wheel  turns  for 
a  given  speed  of  the  stream  must  be  known.  The  writer  con- 


Register. 

siders  this  extremely  important,  as  the  accuracy  of  the  work  to 
be  done  depends  entirely  upon  the  care  and  intelligence  exer¬ 
cised  in  determining  the  equation  for  his  instrument.  Although 
each  instrument  is  made  over  the  same  form,  it  is  impossible  to 
make  these  so  absolutely  and  mathematically  correct  that  one 
rating  equation  would  answer  for  all.  The  rating  is  usually  done 
by  drawing  the  meter  through  quiet  water  over  a  course  of  a 
given  length,  and  noting  the  time.  By  moving  the  meter  slowly 
or  fast  through  the  water  over  a  fixed  course  we  get  so  many 
revolutions  in  a  shorter  or  longer  time.  The  wheel  will  not  re¬ 
cord  the  same  number  of  revolutions  when  going  slow  as  when 
going  fast;  by  increasing  the  speed,  the  wheel  will  usually  show 
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an  increase  of  revolutions  This  is  probably  due  to  the  friction 
and  inertia  of  the  wheel  when  going  slowdy  through  the  water, 
but  as  the  meter  is  moved  with  greater  speed  the  friction  is  of 
less  importance,  and  the  number  of  revolutions  increases,  the  ratio 
of  increase  not  being  constant.  The  meter  should  not  alone  be 
rated  before  being  used,  but  should  be  tested,  as  to  accuracy,  now 
and  then,  as  the  slightest  bend  of  the  flukes  of  the  wheels  will 
change  their  pitch  and  consequently  the  rating.  On  June  19th 


Reduction  of  Observations  for  rating  Large  Haskell Meter,  with  Low 
Pitch  Wheel, mode  at  Mmgo  Greek .  Philadelphia. Pa  June /9^!896 


*  S 
t  ? 

1  £ 

T/me  in 

Seconds 

velocity 

feet  pr 

Second 

xtrevo/u 

Rons  pr  Xy 

Second 

L 

xz 

Com  put- 

ed  y 

V 

V  V 

D/ff 

Remarks 

55 

63 

64 
68 

70 

72 

71 

73 

74 

74 

75 

76 

77 

78 

78 

79 

79 

80 
80 
80 

23t  sc 
144.75 
i20.  75 
II  4oo 
/O8oo 
94  so 
88  so 
71  25 
56  oo 
53  so 

50.50 

46.50 

33.50 
32.oo 
29  oo 
26 oo 
21  50 
19  15 
16.25 
!6oo 

426 

69/ 

8/2 

877 

917 
/  056 
1-130 
/  40/* 
/  786 

J  860 

/  98  2 
2  150 

2  985 

3  125 
3  448 

3  846 

4  65/ 

5  063 
6/54 

6  250 

226 

■  435 

530 

■  597 

648 

.762 

■  807. 
!  025 
1-321 
/  383 
/  485 
/  634 

2.3  00 

2  438 
2.690 

3  038 

3  674 

4  05/ 
4.923 

5  OOO 

0963 

3006 

4304 

52  36 

.5942 
.  8062 
.  9063 
/  4391 
2.  3593 
2-5724 
2-9433 
;  3.5/3/ 

.  6.8655 

7  6/88 
9.275/ 

II  684-/ 
17-0878 
20.5/02 
30  2 96/ 
31.  2500 

osn 

1692 

2809 

.3564 

4/99 

.  5806 
6432 
'■  1.0506 
1 .74  50 
.  1  3/27 
2  2052 
'  2.6700 
i  5-2900 
5.9438 
7-236/ 
9  22 94 
13-4983 
16-4/06 
24.  2359 
25.0000 

43/ 

686 

802 

883 
946 
/  085 
/  134 
t  405 
/  766 
1.842 
/  966 
2/48 
2-960 
3/27 
3  435 
3  859 
4-634 

5  094 
6/57 

6  25/ 

-  005 
+  005 

+  ■  0/0 

-  006 

-  029 

-  027 

-  004 

-  OO/ 
+  ■  020 

+  0/8 

+  0/6 
+  002 
+  025 

-  002 

+  .0/3 

-  0/3 
+  0/7 

-  031 

-  003 

-  OO/ 

000025 

000025 

000/00 

000036 

00084/ 

000729 

0000/6 

OOOOO! 

.000400 

000324 

000256 

000004 

.000625 

.000004 

000/69 

000/69 

000289 

.00096/ 

.000009 

OOOOO! 

005 
.  006 
029 
02  7 
004 
OO! 
002 
0/3 
.  03/ 

003 
OO/ 
-  .  122 

+  .005 
.  0/0 
•  020 
...0/8 
■  0/6 
.  002 

•  025 

■  0/3 
.  0/7 

.  126 

+  004 

Length 
of  Base 
700  feet 

Meter  was 
placed  4  fl¬ 
ip  front  of 
bow  of  boat 
and  18/n.un. 
der  5urface 
of  water. 

50  6/5 

38  962 

151  0724 

1/8  9489 

004984 

Number  of  Observations  n=20 
y=ax+b  S(xz)a +$(x)b'=  $(xy) 

y-/.2/9x  +  o./56  ^(x)<7+  nb  =^(y) 

Probable  Error  of  Results  ±  0024 


II 8.  94-890  +  38  962  b -151  0724 
38.9620  +  20  b- 50  6 15 
a = 1219 
b^O  156 


C  Jacobsen  /697 

Table  B. 


of  last  year  the  writer  rated  in  the  usual  manner  the  larger  size 
Haskell  meter  with  low-pitch  wheel,  in  the  forebay  of  the  pump¬ 
ing  station  at  Mingo  Creek.  On  Table  B  is  shown  the  rating  of 
this  meter. 

The  difference  between  the  computed  and  the  actual  revolu¬ 
tions  is  extremelv  small. 

The  opposite  signs  are  almost  equal  in  number,  eleven  being 
minus,  and  nine  plus  (to  be  mathematically  correct  these  should, 
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of  course,  be  equal  in  number),  and  their  difference,  taking  into 
account  the  signs,  is  only  .004,  and  the  probable  error  of  results 
zt  .0025.  The  equation  for  this  meter  is  a  straight  line,  y  =  a* 
4  6,  where  y  =  velocity  in  feet  per  second,  *  =  revolutions  per 
second,  and  a  and  h  the  rating-constants,  and  these  rating-con¬ 
stants  should  be  especially  determined  for  each  wheel. 

For  all  practical  purposes  this  rating  is  correct  from  about  a 
velocity  of  0.2  foot  per  second  to  about  7  feet  per  second.  For 
higher  velocities  the  high-pitch  wheel  should  be  used  which 
will  register  accurately  up  to  12  feet  per  second. 

From  the  observations  thus  made  and  described  above,  the 
rating  is  determined  by  two  methods,  either  analytically  or 
graphically.  The  most  correct  way  is  the  analytical,  as  this 
method  is  susceptible  to  greater  mathematical  accuracy ;  after 
the  constants  have  been  found  then  the  equation  can  be  plot¬ 
ted  on  a  cross-section  paper,  be  it  either  a  straight  line  or  a 
curved  one,  and  all  subsequent  observations  .can  then  be  readily 
and  quickly  read  off.  The  equation  for  both  the  low-pitch  and 
high-pitch  wheels  of  the  larger  meter  (each  7i  inches  in  diame¬ 
ter)  shown  in  Fig.  2,  is  a  simple  straight  line;  while  the  equation 
for  the  small  meter  (wheels  4  inches  in  diameter,  Fig.  3),  is  part 
straight  and  part  a  curved  line.  This  last  equation  is  a  compli¬ 
cated  one.  Mr.  Haskell  rated  one  instrument,  and  kindlv  fur- 
nished  me  with  the  rating  equation.  He  found  that  the  equations 
for  either  wheel  was  not  a  straight  line  for  its  entire  length.  For 
the  low-pitch  wheel,  the  equation  is : 

y  =  0.3739  -f  0.8255*  4  0.0S46*2 

up  to  the  point  where  *  =  1.86  revolutions  per  second,  when  the 
equation  becomes  a  straight  line,  and  y=l. 1402*40. 0S1 2,  and  for 
the  high-pitch  wheel,  y  =  0.4953  4  1.4201*  4  0.1791*-  up  to  the 
point  where  *  =  1.86  revolutions  per  second,  when  the  equation  is  : 

y  =  2.0752*  4  0.1139. 

Test  of  Accuracy. 

Having  determined  the  rating  equation  for  each  wheel  of  the 
larger  meter  it  was  thought  advisable  to  check  the  accuracy  of  this 
rating  by  comparing  the  results  obtained  with  this  meter  with 
those  obtained  by  other  well-known  methods. 
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The  wheels  were  first  compared  with  each  other  and  afterwards 
the  instrument  was  compared  with  a  standard  weir. 

In  Table  F  are  given  in  figures  the  rating  equations  for  the 
larger  Haskell  meter,  for  both  the  low-pitch  and  high-pitch 
wheels,  and  also  a  table  of  comparison  between  the  two  wheels. 
The  observations  were  taken  in  a  sewer  running  at  a  constant 
flow  and  the  height  of  water  as  nearly  constant  as  could  be  ascer¬ 
tained  by  measurement.  As  soon  as  the  number  of  revolutions  of 
the  high-pitch  wheel  had  been  registered  'for  a  certain  length  of 
time,  the  meter  was  quickly  drawn  out  of  the  water,  and  the  low- 
pitch  wheel  put  on,  and  its  revolutions  registered  for  the  same 
length  of  time — in  this  case  100  seconds.  This  operation  was 
repeated  five  times,  in  order  te  obtain  a  fair  average  of  the  veloci¬ 
ties,  as  the  sewer  might  not  at  all  times  discharge  the  exact 
amount  of  water  ;  as  will  be  noticed,  there  was  a  slight  variation 
each  time  in  the  velocities,  as  computed  from  the  equations  for 
these  wheels, — still  the  average  of  the  five  observations  shows  that 
their  rating  equations  are  perfect,  the  difference  or  error  being 
only  =t  0.006  of  a  foot  per  second.  The  difference  in  the  veloci¬ 
ties  as  quoted  and  shown  on  the  table  is  slight  and  must  be 
attributed  to  local  conditions.  At  other  points  where  these  equa¬ 
tions  have  been  tested  the  writer  has  found  about  the  same 
results  ;  the  greatest  error  being  d=  0.012  of  a  foot  per  second,  and 
the  smallest  zt  0.001  of  a  foot  per  second.  This  last  observation 
was  made  in  a  sewer  on  Lombard  Street,  26  feet  deep,  where  it 
was  especially  difficult  to  handle  the  meter,  wires  and  connec¬ 
tions.  Mr.  A.  J.  Fuller,  Assistant  Engineer  of  the  Water  Bureau, 
and  the  writer  made  several  experiments  in  order  to  compare  the 
discharges  obtained  from  the  standard  weir  at  the  Wentz-Farm 
Reservoir,  as  computed  from  Francis’  formula,  the  Venturi  and 
Haskell  meters.  At  one  time  we  obtained  the  following  results : 

Venturi  meter,  353  cubic  feet  per  minute. 

Haskell  meter,  355.77  cubic  feet  per  minute. 

Reduced  to  gallons  per  minute  the  Venturi  meter  registered 
2648  gallons,  and  the  Haskell  meter  2668  gallons,  a  difference  of 
only  20  gallons  per  minute.  At  another  time  the  following 
results  were  obtained : 
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By  Francis’  formula,  25.07  cubic  feet  per  second. 

By  Haskell  vel.  meter,  ‘24.04  cubic  feet  per  second. 

By  Venturi  meter,  24.18  cubic  feet  per  second. 

Through  the  kindness  of  Mr.  J.  C.  Trautwine,  Jr.,  Chief  of  the 
Bureau  of  Water,  the  writer  is  also  able  to  present  the  results  of 
a  series  of  experiments  made  for  the  purpose  of  comparing  the 
results  obtained  from  the  Venturi  meter  with  those  obtained  from 
the  Francis  weir- formula.  The  results  of  the  experiments  made 
at  the  same  time  by  the  writer  with  the  Haskell  meter  are  also 
presented  for  comparison.  It  will  be  observed  that  the  errors  are 
less  than  2  per  cent,  between  this  meter  and  the  weir  readings. 

Headings  in  Cubic  Feet  ter  Second. 
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While  making  these  comparative  tests  at  the  Wentz-Farm 
Reservoir,  the  peculiar  movement  of  the  water  in  the  race  leading 
to  the  weir  was  noticed  and  a  series  of  observations  were  made  to 
determine  the  extent  and  form  of  this  movement,  which  may, 
perhaps,  be  interesting. 

The  water  was  pumped  into  the  weir  race  through  a  48-inch 
water  main  from  the  pumping  station  at  Lardner’s  Point.  In 
order  to  reduce  the  velocity  of  approach  to  crest  as  much  as  pos¬ 
sible,  a  heavy  float  was  placed  on  the  surface  of  the  water  near 
the  mouth  of  the  main.  The  observations  which  are  plotted  on 
Plate  G  were  taken  in  many  places  in  the  race,  and  these  show 
that  the  velocity  diminishes  as  the  flow  approaches  the  crest ;  in 
drawing  out  the  curves  of  equal  velocities,  the  water  seems  to 


Plate  G. 
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have  a  rotary  motion.  At  the  place  marked  by  a  cross  no  veloc¬ 
ity  could  be  measured.  Where  the  hook-gauge  was  placed  there 
seems  to  be  an  average  velocity.  The  pumping  engine,  when 
these  observations  were  taken,  was  making  36  revolutions  per 
minute. 

The  Haskell  meter  has  also  been  used  with  excellent  results, 
to  ascertain  the  velocity  of  the  water  at  different  points  in  the 
Delaware  River  at  the  ends  of  wharves,  and  in  the  docks,  with  a 
view  to  determine  the  advisability  of  discharging  the  sewers  at 
the  ends  of  piers. 

Sewer  Work. 

As  the  Bureau  of  Surveys  acquired  these  meters  especially  for 
sewer  work,  most  of  the  work  done  has  been  to  ascertain  the 
velocity  of  the  normal  flow  of  water  in  sewers,  but  special  study 
has  also  been  made  of  tidal  sewers.  The  object  of  the  latter  has 
been  to  determine  what  influence,  if  any,  the  tide  would  have 
upon  the  velocity  of  the  flow  in  these  sewers.  During  the  fall  of 
1896,  the  writer  was  engaged  upon  this  work  and  took  observa¬ 
tions  at  the  outlet  of  the  Aramingo  Sewer  into  the  canal  at  Norris 
Street.  This  outlet  is  a  twin  sewer  eight  feet  in  diameter.  No 
difference  of  flow  could  be  measured  in  either  sewer. 

On  Plates  C,  D,  E,  F,  are  arranged  these  observations  with 
regard  to  the  height  of  tide  water  in  the  sewer.  These  obser¬ 
vations  were  taken  under  ordinary  circumstances,  when  no 
storms  prevailed  and  when  the  normal  flow  was  almost  constant. 
By  “  No  Velocity,”  as  marked  on  the  plates,  is  meant,  that  the 
velocity  of  the  flow  is  less  than  0.18  foot  per  second,  and  cannot 
be  measured  by  the  meter. 

The  line  across  the  circle  in  the  plates  indicates  the  height  of 
the  water,  and  the  points  indicate  the  different  heights  at  which 
the  meter  was  held  ;  the  figures  to  the  left  of  these  points  denote 
the  elevation  from  the  bottom  of  the  sewer,  and  the  figures  to  the 
right  the  velocity  of  the  water  at  these  points  in  feet  per  second  • 
the  figures  above  the  circle  show  the  time  of  observation. 

It  was  especially  desired  to  ascertain  if  the  outgoing  or  ebb¬ 
tide  did  accelerate  the  flow  of  the  water  in  the  sewer ;  but,  when 
a  careful  study  is  made  of  these  tables,  they  clearly  demonstrate 
9 
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that  this  tide  does  not  help  to  increase  the  velocity  of  the  flow, 
nor  tend  to  help  to  scour  the  sewer.  The  increase  in  the  velocity, 
as  the  tide  subsided,  seemed  very  gradual,  at  some  points  even 
as  on  Plate  C  at  3.30  p.m.  and  at  4  p.m.,  although  the  water, 
at  the  last  named  time,  was  one-half  of  a  foot  lower,  the  velocities 
were  about  the  same. 

Other  facts  that  these  observations  demonstrate  are,  that  be¬ 
tween  the  time  the  tide  turned  and  it  commenced  to  ebb,  to  the 
point  when  the  sewer  was  two-thirds  full,  the  flow  reaching  a 
velocity  of  about  0.5  foot  per  second,  the  maximum  velocities 
were  found  at  points  midway  between  surface  of  the  water  and 
the  bottom  of  the  sewer. 

At  anytime  when  the  sewer  was  less  than  two-thirds'full  of 
water  the  maximum  velocity  was  generally  found  near  the  surface 
of  the  water.  At  points  nearest  to  the  bottom  of  sewer  the  lowest 
velocities  were  found.  When  the  flow  through  the  sewer  was 
normal,  that  is,  at  low  tide,  it  reached  its  maximum  velocity,  or 
nearly  five  feet  per  second.  As  the  flood  tide  came  in,  the  veloc¬ 
ity,  as  will  be  seen  from  the  diagrams,  was  diminished,  and  was 
only  measurable  near  the  surface  of  the  water;  the  sewage  or 
normal  flow  was  discharged,  although  intermittently. 

When  the  flood  tide  reached  the  point  4.25  feet  above  the 
bottom  of  the  sewer  (as  at  1  o’clock  p.m.  on  plate  D)  no  velocity 
could  be  measured,  but  when  one  foot  higher  or  5.5  feet  above 
the  bottom  of  the  sewer  was  reached  at  1.30  o’clock  p.m.,  a  small 
velocity  could  be  observed.  From  this  point  until  the  tide  had 
attained  its  maximum  height  there  were  obtained  small  inter¬ 
mittent  velocities. 

The  reason  for  this  is  as  follows :  The  normal  flow  did  not 
have  power  enough  to  force  its  way  through  the  tide  until  it  had 
accumulated  enough  back-water  or  head  to  overcome  the  resist¬ 
ance  of  the  tide,  when  it  forced  its  way  through.  This  the  writer 
noticed  particularly  at  2  p.m.  with  5.95  feet  of  water  in  the  sewer. 
When  first  immersed  the  wheel  did  not  turn  ;  after  some  seconds 
it  registered  a  few  revolutions,  then  stopped,  and  this  was  re¬ 
peated,  showing  that  as  soon  as  the  head  had  been  utilized,  no 
velocity  could  be  measured  until  such  time  when  enough  back¬ 
water  had  again  accumulated  to  force  its  passage,  and  so  on. 
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From  the  time  when  the  ebb  tide  set  in,  the  observations  show 
again  the  small  gradual  increase  in  the  velocity  until  low  tide 
was  reached,  when  the  maximum  velocity  was  again  obtained. 
The  height  of  the  water  in  the  sewer  at  normal  flow  was  0.7  foot 
and  the  sewer  discharged  its  normal  flow  above  mean  low-water. 
The  grade  of  the  sewer  is  0.1  foot  per  100  feet. 

As  stated  above,  the  sewage  flow  was  discharged  with  the  tide  in 
the  sewer.  From  observation,  and  by  calculations,  it  was  found 
that  the  sewage  discharge,  at  normal  flow  in  this  sewer,  with  no 
tide  water  in  it,  was  10.5  cubic  feet  per  second,  when  running  with 
1.08  feet  of  water,  the  discharge  was  10.0  cubic  feet  per  second, 
and  when  3.7  feet  full  of  water,  the  discharge  was  11.1  cubic  feet 
per  second,  showing  the  difference  in  discharge  was  very  slight. 
Instead  of  either  tide  helping  to  clean  out  the  sewer,  it  really 
does  the  reverse,  as  the  velocities  of  the  flow  are  so  retarded  by 
the  tide  as  to  cause  the  heavier  particles  of  the  sewage  to  sink  to 
the  bottom.  At  no  time,  however,  between  high  and  low  tides, 
was  the  observed  velocity  greater  than  that  obtained  during 
normal  flow. 

Observations  have  been  taken  in  sewers  at  different  points  of 
the  city,  and  the  velocities  of  their  normal  flow  obtained. 

These  experiments  illustrate  the  work  that  is  being  done  under 
the  direction  of  the  Bureau  of  Surveys,  and  when  sufficient  data 
have  been  collected  from  which  positive  deductions  can  be  drawn, 
they  will  be  duly  presented  in  proper  form. 

DISCUSSION. 

Wm.  Easby,  Jr. — In  regard  to  the  discharges  of  those  sewers, 
what  velocity  did  you  use?  As  I  understand,  in  no  case  did  you 
make  more  than  three  or  four  observations  for  velocity.  You 
took  several  observations  in  the  same  vertical,  and  from  these 
did  you  observe  the  discharge? 

Mr.  Jacobsen. — I  took  the  mean  of  these  velocities. 

L.  F.  Rondinella. — As  I  understand,  Mr.  Jacobsen  took  three 
sets  of  observations  in  each  of  five  cross-sections. 

Mr.  Jacobsen. — I  am  speaking  of  sewers.  I  took  the  velocity 
as  I  found  it  in  the  sewer  at  those  times.  Three  different  times 
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I  figured  the  discharge  in  order  to  see  if  the  sewage  did  go  out 
while  the  flood  was  in.  I  took  the  velocity  at  different  points  in 
the  sewer.  I  took  it  vertically  and  on  each  side,  and  took  the 
average. 

Allen  J.  Fuller. — The  data  compiled  by  Mr.  Jacobsen  show 
a  close  approximation  to  the  results  obtained  from  the  weir  and 
Venturi  meter,  and  if  such  approximations  can  be  maintained 
under  varying  conditions  of  flow  and  cross-section  of  the  stream, 
it  is  a  remarkably  accurate  instrument. 

In  reference  to  the  Venturi  meter,  I  regard  it  as  one  of  the 
most  accurate  instruments  for  measuring  the  flow  of  large 
streams  of  water.  The  register  of  the  meter  records  very  closely 
with  the  results  obtained  with  a  mercury  column,  and  shows  a 
close  approximation  with  weir  measurements.  The  register  of 
this  meter  has  been  found  to  be  invariably  accurate  for  short 
periods,  but  it  is  apt  to  get  out  of  adjustment  when  run  for  any 
considerable  time.  This  defect  is  being  remedied,  however,  by 
using  registers  driven  by  weight-power  instead  of  by  electricity. 

J.  Kay  Little. — I  would  like  to  ask  whether  Mr.  Jacobsen 
made  any  observations  in  sewers  not  affected  by  tide. 

Mr.  Jacobsen-. — I  have  taken  some.  The  sewers  I  have  taken 
were  old  sewers,  and  although  they  give  a  little  more  velocity 
than  by  the  Kutter  formula  I  do  not  know  if  the  grade  was 
exact.  In  building  the  sewers  the  grade  may  have  been 
increased  somewhat.  I  found  that  in  some  of  the  old  sewers  the 
grades  were  slightly  increased. 

Mr.  Little. — You  would  have  to  ascertain  exactly  what  the 
grade  was? 

Mr.  Jacobsen. — The  best  way  to  do  that  is  to  measure  the 
grade  and  get  the  section  accurate,  and  find  the  velocity. 

John  C.  Trautwine,  Jr. — If  we  had  the  Haskell  or  other 
meter  upon  which  we  could  absolutely  depend,  we  could  make 
these  measurements  and  deduce  the  value  in  any  given  case. 

W.  H.  Bixby. — In  the  drawing  on  the  board,  showing  velocity 
in  nine  points  at  each  of  five  cross-sections,  the  velocity  at  the 
right-hand  section  some  way  from  the  overflow  was,  if  I 
remember  rightly,  about  one  foot  per  second  in  the  center,  a 
little  less  above  and  below,  averaging  something  like  T87  foot  per 
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second,  while  close  to  the  overflow  the  greatest  velocity  was  only 
}  foot  per  second.  At  first  sight  1  should  think  that  would  show 
twice  as  much  water  moving  through  the  right-hand  cross-section 
as  through  the  left  one,  which  could  hardly  be  correct. 

Mr.  Jacobsen. — I  think  it  is  explained  by  the  buckling 
motion  of  the  water.  While  near  to  the  crest  it  is  more  steady, 
the  velocity  decreases.  These  movements  of  the  water  were  just 
noticed  during  that  time.  I  noticed  it,  and  Mr.  Cod  man  and 
others  with  me  wanted  to  find  out  what  that  motion  was,  and  we 
took  these  measurements  in  order  to  see  what  it  was,  and  those 
are  the  results  I  got  with  the  Haskell  meter.  It  was  in  drawing 
out  the  curves  of  equal  velocity  that  I  got  that  shape.  It  was  a 
local  acceleration  at  that  point. 

John  E.  Codman.  —  There  are  several  varieties  of  current 
meters  in  the  market.  The  Haskell  is  the  least  expensive  of  any  ; 
some  cost  three  times  as  much.  I  have  had  experience  with  this 
and  the  Buff  and  Berger.  They  both  work  on  the  same  prin¬ 
ciple.  The  water  is  like  a  nut,  in  which  the  screw  or  propeller 
moves.  The  rating  of  it  seems  to  me  to  be  the  source  of  greatest 
difficulty.  Mr.  Jacobsen  has  described  the  general  way  of  rating 
them;  that  is,  to  place  the  meter  in  the  still  water  in  front  of  the 
boat,  and  pull  the  boat  along,  moving  the  meter  through  the 
water,  in  front  of  the  boat.  In  a  given  length  of  line,  if  the  water 
were  a  solid  nut,  the  meter  would  make  the  same  number  of  revo¬ 
lutions,  no  matter  whether  it  went  100  or  1  foot  per  second.  But 
as  there  are  inaccuracies  in  the  construction  and  of  friction  in  the 
meter,  the  revolutions  are  not  the  same,  and  there  is  a  certain 
quantity  of  what  is  called  slip  on  the  propeller.  In  Mr.  Jacobsens 
experiments,  the  revolutions  were  from  53  to  SO,  when,  theoreti¬ 
cally,  they  should  be  the  same,  whether  going  at  one  velocity  or 
another.  In  rating  the  meter,  the  conditions  are  not  the  same 
that  they  are  when  it  is  in  use.  In  one  case,  the  meter  is  forced 
through  the  water,  and  the  power  is  applied  to  the  meter  to  turn 
the  wheel;  in  the  other  case,  the  velocity  of  the  water  turns  the 
wheel.  These  two  conditions  are  not  alike,  although  generally 
considered  to  be  the  same.  To  save  the  expense  of  constructing 
a  weir  on  the  Neshaminy,  I  used  the  Haskell  meter,  and  compared 
the  observations  with  those  on  the  weir  obtained  ten  years  ago. 
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The  result  showed  a  variation  from  1J  to  3  per  cent.,  sometimes 
more  and  sometimes  less  than  the  weir  measurements. 

Mr.  Jacobsen. — Mr.  Codman  says  he  used  for  his  instrument 
the  same  rating  formula  as  published,  and  got  results  very  satis¬ 
factorily — 1J  to  3  per  cent.;  but  here  is  one  formula,  published  by 
Mr.  Haskell,  and  that  instrument  was  tested  and  did  excellent 
work,  and  the  rating  equation  for  it  was,  if  I  remember  rightly, 
this  (giving  formula  on  board). 

Mr.  Little. — In  view  of  Mr.  Codman’s  lucid  explanation,  I 
should  prefer  to  use  the  Cutter  formula  in  preference  to  the  Has¬ 
kell  meter,  and  I  do  not  think  it  has  any  more  work  about  it  than 
the  equation  resulting  from  this  meter. 

Louis  Y.  Schermerhorn. — It  is  to  be  understood  that  every 
particular  meter  has  its  own  equation.  I  do  not  know  of  any  dis¬ 
cussions  of  the  current-meter  more  valuable  than  those  made  by 
the  Mississippi  Commission,  and  any  who  wish  to  study  the  sub¬ 
ject  will  find  that  the  reports  of  the  Chief  Engineers  for  1885  to 
1890,  relating  to  the  survey  of  the  Mississippi  River,  give  very 
accurate  information.  The  meters  there  used  are  the  Price  me¬ 
ters,  the  equations  giving  from  2  to  4  for  the  first  term,  while 
the  second  term  is  about  10  per  cent,  of  the  first.  The  methods 
they  adopt  for  rating  the  meter  are  somewhat  different,  and  prob¬ 
ably  have  advantages  over  others  mentioned  here. 

There  the  meter  has  a  fixed  arm  or  a  fixed  radius,  traveling 
around  the  circumference  of  a  circle  about  100  feet  in  diameter, 
by  means  of  a  weight  and  a  falling  pulley.  A  fixed  velocity  can 
thus  be  had.  The  meter  is  placed  on  the  horizontal  arm  and  ro¬ 
tated  around  this  fixed  center,  describing  a  path  about  300  feet 
in  length,  and  can  be  made  to  pass  as  many  times  as  desired,  so 
that  it  may  be  made  to  run  over  1,000  feet  or  more  by  making 
three  or  more  revolutions.  The  usual  equation  accepted  is  only 
approximately  correct,  but  it  is  reasonably  so  and  within  such 
limits  as  might  be  accepted  as  giving  a  small  probable  error. 

The  real  facts  are,  the  equation  is  not  that  of  a  straight  line, 
and  for  low  velocities  it  departs  more  and  more  from  the  straight 
line  near  the  center  of  the  co-ordinates.  The  equation  of  the 
meter,  from  zero  to  the  higher  velocities,  is  probably  an  equi¬ 
lateral  hyperbola.  In  the  case  presented  to-night,  the  term  .156 


Phila.,  1897,  XIV,  2.]  Discussion — Velocity  of  the  FI W  of  Water.  12”) 

is  supposed  to  be  the  lowest  velocity  in  feet  per  second,  under 
which  the  meter  would  barely  turn  over.  In  the  Mississippi 
River  it  is  sometimes  0.4,  and  in  other  cases  .02.  I  think  that 
the  trouble  is  with  the  rating  of  the  meter,  and  as  it  is  used  with 
electrical  connections  by  which  the  meter  registers,  you  are,  of 
course,  subject  to  all  the  annoyances  an  electrical  device  gives 
you.  On  the  Mississippi  River  they  now  use  a  flexible  tube,  pre¬ 
vented  from  collapsing  by  a  spiral  spring,  through  which  the 
operator  listens  and  counts  the  number  of  clicks,  and  the  last 
reports  upon  the  use  of  the  meter  by  the  Mississippi  Commission 
show  that  this  new  device  has  replaced  the  electrical  device  almost 
entirely. 

Major  Bixby. — One  reason  that  I  raised  a  question  as  to  the 
velocity  at  the  right  cross-section,  as  compared  with  that  of  the 
left  section,  was  to  bring  out,  as  I  thought  it  might,  the  fact  that 
it  is  essential  in  using  a  velocity-meter  of  this  size  that  the  axis 
of  revolution  of  the  meter  should  be  kept  parallel  with  the 
thread  of  the  current.  If  not  so,  there  is  a  liability  to  great  error. 
In  this  case,  very  probably  the  difference  we  are  referring  to  is 
due  to  the  fact,  as  has  already  been  stated,  that  the  water  was  in 
a  turbulent  condition  as  it  entered  from  the  right,  so  that  the 
movement  of  the  water  was  not  all  parallel  with  the  axis  of  the 
wheel,  and  perhaps  some  was  moving  backward.  I  presume 
that,  in  most  cases,  these  meters  will  be  used  by  the  members  of 
the  Society  in  up-river  streams,  where  the  motion  is  tolerably 
parallel  to  the  axis  of  the  stream  ;  but  it  is  likely  some  of  us  may 
have  occasion  to  use  them  in  tidal  water,  where  it  is  specially 
necessary  to  keep  track  of  the  motion  of  the  threads  of  the  water. 
For  example:  in  Long  Island  Sound,  a  good  many  years  ago, 
many  current-meter  observations  were  taken  partly  for  use,  and 
partly  for  practice.  On  many  occasions,  when  the  water  was 
running  tolerably  fast  towards  the  east  on  the  surface,  it  was 
found  that  it  was  also  running  tolerably  fast  in  other  directions 
below  the  surface,  swinging  gradually  around  until  near  the  bot¬ 
tom,  where  its  direction  was  almost  west;  so  that,  while  the 
water  was  moving  tolerably  fast  at  every  point,  the  total  flow  in 
any  single  cross-section  was  almost  zero. 

Mr.  Jacobsen. — In  large  bodies  of  water,  where  it  is  necessary 
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to  determine  direction  as  well  as  velocity,  a  combined  direction 
and  velocity-meter  is  usually  used.  There  is  one  from,  by 
which  you  can  see,  from  a  boat,  the  direction  of  the  current 
and  at  the  same  time  get  the  velocity. 

Mr.  Trautwine. — I  understood  Mr.  Jacobsen  to  say  that  he 
attempted  to  measure  the  velocity  immediately  over  the  crest, 
with  considerable  difficulty  in  holding  the  meter  there,  and  found 
about  0.56  per  second  as  against  0.81.  There,  I  take  it,  the  par¬ 
ticles  of  water  would  have  been  moving  in  a  horizontal  direction, 
and  the  velocity  in  so  small  a  cross-section  as  that  must  have 
been  very  considerably  higher. 

Mr.  Jacobsen. — I  did  not  speak  of  it,  as  I  did  not  wish  to 
guarantee  its  accuracy. 
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VII. 


THE  INSTALLATION  OF  THE  NIAGARA  FALLS  POWER 

COMPANY. 


By  Mr.  Chas.  F.  Scott  (Non-Member),  Pittsburgh,  Pa. 


Presented ,  April  17,  1897. 

We  pride  ourselves  upon  the  great  advancement  of  engineer¬ 
ing  science,  its  rapid  growth  during  the  present  century,  and 
particularly  the  material  and  industrial  progress  of  the  last  few 
years.  If  we  examine  the  conditions  underlying  this  develop¬ 
ment  we  will  find  that  tools  have  been  a  vital  factor.  If 
we  imagine  all  tools  to  be  taken  away  we  may  realize  by  their 
absence  what  an  enormous  part  they  play  in  our  ordinary  opera¬ 
tions.  Take  away  from  the  laborer  his  pick  and  shovel,  from 
the  mechanic  his  saw  and  hammer,  from  the  machinist  his  lathe 
and  planer,  and  each  is  helpless.  If  we,  even  with  our  present 
knowledge  and  skill,  were  put  empty-handed  face  to  face  with 
nature  we  could  accomplish  almost  nothing.  Take  away  the 
knowledge  we  have  and  the  skill  we  have  attained,  let  us  be 
without  tools  and  without  the  knowledge  of  their  value  and  their 
use,  and  we  may  realize  the  dark  prospect  that  presented  itself  to 
the  human  race  centuries  ago.  What  an  enormous  problem  is 
presented  by  the  ignorant  savage  in  the  primeval  forest  and 
what  little  chance  for  the  evolution  of  an  industrial  civilization. 

One  of  the  first  things  learned  was  the  use  of  simple  aids  for 
increasing  and  directing  physical  exertion — a  club  or  a  bow  and 
arrow.  The  range  of  man’s  activities  was  greatly  increased  and 
he  made  an  enormous  stride  when  he  brought  brute  force  to  his 
aid  and  utilized  the  greater  power  and  endurance  of  animals. 
Greater  advance  was  made  when  inanimate  forms  of  power  were 
employed — wind,  water  and  steam.  Chief  of  these  is  steam, 
which  has  revolutionized  all  departments  of  industry  and  engi¬ 
neering;  its  influence  upon  transportation,  where  the  rumbling 
stage  coach  has  given  place  to  the  express  train,  is  a  sample  illus¬ 
tration  of  the  extent  to  which  it  has  modified  our  methods. 
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Tools  are  really  a  means  of  applying  power.  They  serve  to 
direct  and  make  more  effective  muscular  power,  the  power  of 
animals  and  of  steam  or  wind  or  water.  A  history  of  the  develop¬ 
ment  and  utilization  of  power  is  the  history  of  human  progress. 
The  most  civilized  and  most  advanced  nations  are  also  charac¬ 
terized  by  the  highest  development  and  largest  use  of  power. 
Engineering  in  its  broadest  sense  is  the  science  and  art  of  pro¬ 
ducing,  transmitting,  transforming  and  applying  power. 

The  ordinary  and  familiar  sources  of  power  are  fuel  and  fall¬ 
ing  water.  Fuel  is  energy  in  potential  form,  stored  in  limited 
amount  in  nature,  while  water  is  energy  in  kinetic  form,  which, 
if  it  is  not  used,  is  lost.  The  energy  of  coal  is  used  in  a  wasteful 
way,  while  with  falling  water  a  large  percentage  of  the  real 
energy  can  be  utilized.  In  the  broadest  sense,  therefore,  engi¬ 
neering  is  doing  a  noble  work  when  it  harnesses  a  dashing  river 
and  brings  to  mankind  a  new  source  of  power,  increasing  its 
quantity  and  cheapening  its  cost. 

The  largest  and  most  notable  waterfall  in  the  world  is  that  at 
Niagara,  and  it  is  my  purpose  to  show  something  of  the  means 
which  have  been  taken,  within  the  last  few  years,  for  the  utiliza¬ 
tion  of  this  power.  It  is  not  my  intention  to  present  a  formal 
lecture — rather  we  will  take  a  trip  together  about  the  Falls,  to 
inspect  the  new  electric  plants,  and  I  will  be  your  guide,  point¬ 
ing  out  and  explaining  some  of  the  features  in  which  you  may 
be  interested. 

The  Falls  of  Niagara  are  favorably  located.  If  they  were  in  an 
uncivilized  country  there  would  be  no  use  for  the  power;  if  they 
were  in  an  inacessible  mountainous  country,  where  waterfalls  are 
usually  found,  they  might  be  too  far  from  inhabited  regions  to  be 
of  any  value;  if  they  were  in  a  country  where  civil  government 
was  not  well  established,  there  would  be  little  protection  to  large 
enterprises ;  but  here,  under  most  favoring  conditions — geo¬ 
graphical,  commercial,  industrial  and  civil — this  great  waterfall 
lies  directly  between  two  of  the  greatest  governments  of  the  earth 
and  in  the  Empire  State  of  our  nation.  A  glance  at  a  map  of  the 
country  shows  that  the  Falls  lie  between  New  York,  the  metrop¬ 
olis  of  the  East,  and  Chicago,  the  gateway  of  the  ’West,  in  direct 
line  of  railway  and  water  transportation.  New  England  is  famed 
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for  its  water-powers,  but  the  surface  of  the  reservoir  which  sup¬ 
plies  Niagara  Falls  is  half  again  as  great  as  the  area  of  all  the  New 
England  States  together,  and  the  watershed  which  supplies  this 
reservoir  is  four  times  as  large  as  New  England.  The  quantity 
of  flow  is  such  that  it  would  take  some  three  months  to  reduce 
the  level  of  the  lakes  bv  one  foot. 


Interior  of  Power  House. 


Most  of  us  hdve  very  little  conception  of  large  powers.  The 
statement  that  the  power  of  Niagara  is  six  or  seven  million  horse¬ 
power  conveys  no  definite  idea.  A  simple  illustration  may  help 
us  to  form  a  conception  of  its  vastness.  Suppose  pumps  he 
placed  below  the  Falls  for  pumping  the  water  up  again  to  its  for¬ 
mer  level.  If  a  man  exerts  a  force  of  about  twenty  pounds  per 
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stroke  and  works  at  a  fair  rate  for  eight  hours  per  day  it  would 
take  about  ten  times  the  total  population  of  the  United  States 
to  pump  the  water  back  as  fast  as  it  is  flowing  over  the  Falls. 
Consider  for  a  moment  what  this  means.  If  70,000,000  of  us 
were  engaged  in  manual  labor  all  the  work  we  wTould  do  could 
be  accomplished  ten  times  over  by  the  power  which  is  now  going 
to  waste.  All  the  work  of  laborers,  all  our  actual  exertions  in 
digging,  hammering,  lifting,  climbing  stairs,  running  sewing 


The  Extension  of  the  Wheel  Pit. 

Loaned  by  American  Electrician. 


machines  or  riding  bicycles  probably  do  not  represent  the  one- 
hundredth  part  of  this  stupendous  power.  This  shows  the  great 
field  of  possibility  open  to  engineering  and  illustrates  how  feeble 
are  our  powers  compared  with  the  forces  of  nature  about  us,  and 
how  enormously  our  activity  may  be  increased  by  bringing  other 
sources  of  power  to  our  aid.  The  cost  of  the  production  of  mate¬ 
rials  in  manufacturing  concerns  and  building  construction  of 
all  kinds  consists  largely  in  the  cost  of  power.  Here  at  Niagara 
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is  unused  power  equal  to  that  of  all  the  coal  mined  in  the  world. 
The  great  and  difficult  problem  is  how  to  apply  this  power. 

If  we  stand  on  the  suspension  bridge  just  below  the  Falls  we 
may  see  an  incline  from  Prospect  Park  to  the  foot  of  the  gorge. 
A  car  is  at  the  bottom,  filled  with  passengers,  and  a  large  tank  at 
the  top,  which  is  filled  with  water.  The  car  and  the  tank  are 
connected  by  a  cable  which  runs  around  a  large  pulley.  The 
weight  of  the  water  in  the  tank  exceeds  that  of  the  passenger 
car — the  car  ascends,  the  tank  descends  and  the  water  is  discharged. 
This  is  one  of  the  simplest  applications  of  Niagara  power.  Look¬ 
ing  from  the  suspension  bridge  down  the  river  on  the  American 
side  we  may  observe  a  score  of  streams  of  water  issuing  from  the 
side  of  the  cliff  at  various  elevations — mostly  near  the  top.  This 
is  the  discharge  from  water  wheels  which  supply  power  to  the 
various  mills  and  factories  along  the  top  of  the  cliff.  A  large  pro¬ 
portion  of  the  power  is  wasted,  as  only  a  small  part  of  the  avail¬ 
able  head  is  utilized.  At  the  bottom  of  the  cliff  near  these  many 
little  waterfalls  is  a  new  building,  in  which  a  much  higher  effi¬ 
ciency  is  secured.  The  water  descends  through  a  great  penstock 
9  feet  in  diameter,  and  practically  the  full  head  of  the  water  is 
effective  at  the  turbines.  About  6500  horse-power  is  used  for  driv¬ 
ing  dynamos  which  supply  current  for  manufacturing  aluminum 
at  the  head  of  the  cliff  and  for  operating  a  street  railway.  The 
Niagara  Falls  Hydraulic  and  Manufacturing  Company  bring  the 
water  for  this  service  from  the  river  about  a  mile  above  the  Falls 
through  a  canal  to  the  head  of  the  cliff  about  a  quarter  of  a  mile 
below  the  Falls. 

Not  far  from  this  power  house  at  the  edge  of  the  river  and 
nearly  under  the  end  of  the  suspension  bridge  is  an  opening 
which  looks  like  the  mouth  of  a  great  sewer  and  which  sends  out 
a  current  which  can  be  observed  half-way  across  the  river.  It  is 
the  terminal  of  the  tail  race,  the  end  of  the  tunnel  of  the  Niagara 
Falls  Power  Company’s  great  plant. 

When  the  problem  of  utilizing  power  on  a  large  scale  was  taken 
up  a  few  years  ago,  various  engineering  plans  were  considered. 
Certain  necessary  conditions  were  imposed.  The  river  near  the 
Falls  must  not  be  disturbed  nor  its  natural  scenery  marred.  The 
water  must  be  taken  from  the  river  at  some  distance  above  the 
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Falls  and  of  course  discharged  at  some  point  below  the  Falls.  If 
carried  over  the  surface  the  right  of  way  through  the  village  would 
be  difficult  to  secure,  and  the  canal,  which  would  be  a  mile  or 
more  in  length,  must  have  a  large  cross-section  or  a  very  consid¬ 
erable  inclination,  involving  a  great  depth  at  its  lower  end — 
either  of  which  would  require  extensive  excavation.  There  is  not 
the  facility  for  placing  manufacturing  establishments  and  power 
plants  at  the  bottom  or  along  the  cliff  below  the  Falls  that  there 
is  near  the  point  at  which  the  water  must  be  taken  .from  the 
river.  Even  if  it  were  practicable  to  construct  works  at  the  foot 
of  the  cliff  the  cost  of  excavation  and  construction  would  be 
excessive.  After  full  consideration  the  plan  was  adopted  of  letting 
the  water  descend  near  the  point  at  which  it  is  taken  from  the 
river  and  then  discharging  it  through  a  tunnel  having  the 
shortest  route  to  the  river  below.  The  tunnel  has  a  grade  of  6 
feet  per  thousand  or  a  total  fall  of  about  40  feet. 

Large  consumers  of  power,  such  as  the  Niagara  Falls  Paper 
Company,  draw  their  water  directly  from  the  river  and  discharge 
it  into  the  tunnel.  Ordinarily  it  is  the  supply  of  water  which  is 
limited  and  there  is  unlimited  capacity  for  the  waste  water.  In 
this  plant  the  conditions  are  reversed,  the  supply  is  unlimited 
and  it  is  the  tail-race  capacity  which  must  be  purchased  of  the 
power  company  by  individual  consumers. 

The  large  bulk  of  the  power  is  not  directly  utilized  but  is 
transformed  into  electric  energy  in  the  power  plant  of  the  Niagara 
Falls  Power  Company.  The  water  for  this  purpose  is  received 
from  the  river  about  a  mile  above  the  Falls  through  a  canal 
having  a  width  of  250  feet  at  the  mouth,  an  average  depth  of  12 
feet  and  a  capacity  of  120,000  horse-power.  The  water  passes 
along  the  canal  for  about  200  yards  and  then  through  inlets  into 
penstocks,  which  carry  the  water  nearly  to  the  bottom  of  the 
wheel  pit.  The  wheel  pit  is  excavated  out  of  the  solid  rock ;  it  has 
a  width  of  20  feet  and  a  depth  of  178  feet.  Each  penstock  supplies 
a  turbine  having  a  normal  capacity  of  5500  horse-power  and  a 
speed  of  250  revolutions.  The  turbines  were  designed  by  Faesch 
&  Piccard  and  were  built  by  the  I.  P.  Morris  Co.  of  Philadelphia. 
The  water  enters  the  turbine  at  one  side  and  is  discharged  radi¬ 
ally  both  at  the  top  and  at  the  bottom.  The  shaft  is  vertical. 
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The  water  is  given  a  tangential  direction  by  a  large  number 
of  fixed  guides  which  are  just  within  the  moving  buckets.  The 
flow  of  water  is  regulated  by  two  external  rings,  one  at  the  top 


(Copyrighted  by  Cassier’s  Magazine.) 

and  the  other  at  the  bottom  of  the  turbine,  which -may  be  raised 
or  lowered,  permitting  free  egress  of  the  water  or  reducing  the 
opening,  as  may  be  required.  The  turbine  is  so  arranged  that 


A  Turbine  Generator. 
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greater.  The  weight  is  exactly  balanced  at  about  two-thirds  load. 
The  water  from  the  wheel  discharges  into  the  bottom  of  the  wheel 
pit  and  flows  through  the  tunnel.  The  tunnel  is  about  ‘21  feet 
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theshaftand  the  weight  upon  it  are  borne  upward  bv  the  pressure 
of  the  water.  This  pressure  is  reduced  as  the  rate  of  flow  becomes 
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high  and  19  feet  in  width  and  has  a  cross-section  of  386  feet.  The 
velocity  of  the  water  in  the  penstock  when  it  reaches  a  fully 
loaded  turbine  is  about  70  miles  per  hour,  and  in  the  tunnel  it 
is  about  20  miles  per  hour.  The  construction  of  the  wheel  pit 
and  the  tunnel  were  engineering  works  of  large  proportion.  The 
work  of  one  thousand  men  for  three  years  was  required  in  the 
tunnel;  600,000  tons  of  material  were  moved  and  16,000,000 
bricks  and  60,000  cubic  yards  of  stone  were  employed  in  the  con¬ 
struction.  The  tunnel  is  lined  with  brick  and  at  its  portal  is 
constructed  of  granite  and  steel  and  has  an  increased  pitch. 

We  have  followed  the  water  in  its  course  from  the  river  to  the 
river  again,  driving  the  turbines  as  it  passes.  We  will  now  trace 
the  mechanical  energy  from  the  turbines.  The  location  of  the 
dynamos  to  be  driven  by  the  turbines,  was  a  unique  problem  ; 
they  could  not  well  be  placed  close  to  the  turbines  as  the  addi¬ 
tional  excavation  necessary  for  placing  the  machines  140  feet 
below  the  surface  would  involve  considerable  cost,  and  as  the 
dampness,  almost  inevitable  in  such  a  place,  is  not  at  all  inviting 
for  electrical  apparatus.  The  plan  adopted  was  to  mount  the 
dynamos  at  the  top  of  the  wheel-pit  and  drive  them  by  vertical 
shafts  extending  upward  from  the  turbines.  One  of  the  difficult 
elements  in  a  water-power  plant  is  the  regulation  of  speed,  espe¬ 
cially  when  electrical  apparatus  is  to  be  employed,  where  close 
regulation  is  necessary  and  where  sudden  fluctuations  of  load  are 
liable.  As  the  supply  of  power  to  a  wheel  of  such  large  size  and 
under  such  great  head  cannot  be  instantly  changed,  it  is  essen¬ 
tial  to  have  a  fly-wheel  of  large  capacity.  If  this  fly-wheel  be 
located  at  a  distance  from  the  dynamo  then  a  sudden  change  of 
load  will  bring  severe  stress  upon  the  shaft.  In  this  plant  the 
fly-wheel  has  been  incorporated  as  a  part  of  the  dynamo  by  mak¬ 
ing  the  heavy  external  part  of  the  dynamo  revolve.  A  governor, 
of  Swiss  design,  is  placed  on  the  floor  of  the  station  near  the  gen¬ 
erator  whose  speed  it  regulates.  It  has  as  its  controlling  element 
a  fly-ball  governor  at  the  top.  This  is  connected  through  an 
apparently  intricate  mechanism  for  securing  delicacy  and  preci¬ 
sion  to  the  elements  below.  In  the  lower  part  of  the  governor 
there  are  two  belts  which  are  driven  from  the  main  shaft  by 
gearing  below  the  floor.  The  action  is  such  that  when  the  power 
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is  to  be  increased  or  diminished  the  motion  from  one  or  the  other 
of  these  belts,  which  are  running  in  opposite  directions,  is  com¬ 
municated  to  the  vertical  rod  which  adjusts  the  position  of  the 
rings  which  control  the  escape  of  water  from  the  turbine.  The 
governor  acts  quickly  and  for  all  ordinary  changes  in  load  gives 
a  practically  constant  speed. 

The  long  and  already  heavy  shaft  carries  an  additional  weight 
of  the  revolving  part  of  the  dynamo  of  some  forty  tons.  The 
problem  of  mechanically  supporting  a  shaft  nearly  140  feet  long, 
of  such  an  enormous  weight,  was  one  of  the  peculiar  difficulties 
in  the  design  of  this  plant.  A  thrust  bearing  was  adopted  hav¬ 
ing  a  number  of  circular  rings  resting  in  grooves  in  the  fixed 
bearing,  lubricated  by  circulating  oil  and  cooled  by  running 
water.  The  balancing  effect  of  the  upward  pressure  of  the  water 
in  the  turbine  is  such  that  the  pressure  on  the  thrust  bearing  is 
usually  small.  The  shaft  is  a  seamless  steel  tube  38  inches  in 
diameter,  which  is  reduced  to  11  inches  in  section  at  certain 
points  where  guide  bearings  are  placed  to  prevent  deflection. 

The  shaft  extends  upward  through  the  center  of  the  dynamo 
and  carries  a  steel  driver  very  similar  in  form  to  an  umbrella. 
The  circumference  of  this  top  or  driver  carries  a  great  steel  ring 
nearly  12  feet  in  diameter,  5  feet  in  height  and  5  inches  in  thick¬ 
ness.  On  the  interior  of  this  ring  are  bolted  12  steel  poles  which 
are  surrounded  by  coils.'  This  part  of  the  dynamo  is  the  field. 
It  is  similar  to  ordinary  dynamos  in  having  an  outer  yoke  or  rim 
which  supports  inwardly  projecting  poles  and  differs  from  them 
in  being  horizontal  instead  of  vertical,  and  revolving  instead  of 
being  stationary.  Inside  of  the  field  is  the  armature,  which  con¬ 
sists  of  a  hollow  cast-iron  support  on  the  outside  of  which  are 
placed  horizontal  sheets  of  laminated  iron,  forming  a  great  ring 
just  within  the  field  poles.  The  laminated  iron  has  a  large  num¬ 
ber  of  vertical  slots,  through  which  the  copper  bars  which  consti¬ 
tute  the  armature  windings  are  placed.  This  machine  is  espe¬ 
cially  noteworthy  as  it  is  the  only  electrical  apparatus  of  5000  horse¬ 
power  that  has  been  built,  and  as  it  involves  new  features  in  con¬ 
struction.  The  new  design  was  exacting,  as  both  mechanical  and 
electrical  requirements  were  involved.  For  instance,  the  field¬ 
ring  must  embody  great  mechanical  strength  and  high  magnetic 
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permeability.  To  meet  the  former  nickel-steel  was  demanded, 
and  it  was  a  fortunate  coincidence  that  while  a  large  percentage 
of  nickel  utterly  destroys  the  magnetic  permeability  yet  the  small 
percentage  which  gave  the  proper  mechanical  characteristics  im¬ 
proved  the  magnetic  qualities.  The  ring  was  forged  from  a  great 
ingot  by  the  Bethlehem  Iron  Works.  The  greatest  skill  in 
designing,  construction,  testing  and  erection  was  required  to 
secure  a  balancing  of  parts  so  perfect  that  no  vibration  of  the  cap¬ 
stone  on  which  the  armature  rests  can  be  noticed.  This  dynamo 
with  its  great  power  and  its  high  speed  renders  the  output  per 
weight  exceptionally  high,  so  that  even  a  small  loss  of  energy  in 
the  machine' causes  a  comparatively  large  loss  per  pound  of  ma¬ 
terial.  This  requires  special  means  for  removing  the  heat  and 
avoiding  undue  increase  in  temperature.  Special  provision  has 
been  made  for  ventilation,  and  around  the  bearing  within  the 
dynamo  there  is  a  water  jacket  for  removing  the  heat.  This 
method  has  been  extended  to  the  armature  and  a  flow  of  water 
passes  through  certain  spaces  within  the  armature  for  conducting 
away  the  waste  heat.  In  a  small  space  less  than  12  feet  in  diam¬ 
eter  and  5  feet  in  height,  a  large  part  of  which  is  vacant  or  is 
used  for  ventilation,  we  have  the  conversion  of  5000  horse-power 
from  mechanical  into  electrical  energy. 

When  the  dynamo  is  running  and  an  ordinary  direct  current 
flows  through  the  coils  around  the  poles  on  the  revolving  field, 
alternating  currents  are  induced  in  the  stationary  windings  in 
the  interior  armature.  Ordinary  commercial  currents  are  of  two 
kinds,  direct  and  alternating.  The  direct  current  is  one  which 
flows  constantly  in  one  direction.  It  has  a  mechanical  analogue 
in  the  continuous  flow  of  water  through  a  pipe  or  in  the  trans¬ 
mission  of  power  by  a  belt.  An  alternating  current  corresponds 
to  a  reciprocating  motion.  If  a  pipe  have  a  piston  in  one  end 
which  is  drawn  back  and  forth  so  that  the  water  within  the  pipe 
has  a  reciprocating  flow,  the  action  is  somewhat  analogous  to 
that  of  the  alternating  current.  Corresponding  to  the  compari¬ 
son  between  direct  current  and  a  belt  we  may  liken  alternating 
current  to  motion  by  a  crank.  As  there  are  varieties  of  cranks 
there  are  varieties  of  alternating  currents.  A  shaft  may  be  driven 
bv  a  single  crank  or  bv  two  or  three  cranks  intermittentlv.  In 
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the  same  way  an  alternating  current  system  may  employ  more 
than  one  current,  the  several  currents  acting  successively.  As 
the  uniformity  of  motion  in  a  shaft  driven  by  an  engine  of  several 
cranks  is  greater  than  when  a  single  crank  is  used,  so  the  flow  of 
energy  or  supply  of  power,  which  must  be  intermittent  when  a 
single  current  is  used,  may  be  made  uniform  and  constant  from 
two  or  more  suitably  adjusted  currents.  The  winding  on  the 
Niagara  generators  is  such  as  to  produce  two  alternating  currents, 
each  of  which  has  its  maximum  value  when  the  other  has  its  zero 
value.  These  two  currents  are  conducted  by  four  wires  to  the 
switchboard.  Any  of  the  dvnamos  may  have  its  four  wires  con- 
nected  to  either  of  two  sets  of  bus-bars.  Switches  connect  the  out¬ 
going  circuits  to  one  or  the  other  of  these  sets  of  bars.  Suitable 
instruments  are  provided  in  stands  on  the  switchboard  platform 
for  indicating  the  pressure  or  electro-motive  force  and  the  cur¬ 
rent,  also  the  power  which  is  delivered  by  each  circuit  of  each 
machine. 

The  frequency  in  this  plant  is  25  cycles,  that  is,  the  complete 
cycle  of  the  current  occurs  25  times  per  second,  or,  expressed  in 
another  way,  there  are  3000  alternations  or  reversals  of  the  cur¬ 
rent  per  minute.  This  is  considerably  less  than  is  used  in  ordi¬ 
nary  electric  plants  where  the  frequency  in  this  country  is  either 
about  7200  or  16,000  alternations  per  minute.  The  low  fre¬ 
quency  was  adopted  because  it  is  more  suitable  for  power  work, 
for  transformation  into  direct  current,  and  for  long-distance 
transmission.  The  pressure  or  electro-motive  force  delivered  by 
the  dynamo  is  2200  volts.  This  pressure  is  suitable  for  supply¬ 
ing  power  in  the  immediate  vicinity,  but  is  not  suited  for  trans¬ 
mission  to  a  distance.  For  this  purpose  high  pressures  are 
required  in  order  that  the  volume  of  current  may  be  reduced  and 
the  requisite  size  of  conducting  wires  diminished.  A  two-phase 
system  is  best  suited  for  the  local  distribution,  as  it  possesses  cer¬ 
tain  advantages  in  regulation  of  pressure  and  adaptation  to  the 
service  to  be  supplied.  On  the  other  hand,  three-phase  current, 
or  a  system  in  which  there  are  three  currents  following  one  an¬ 
other  at  equal  intervals  of  time,  has  advantages  for  long-distance 
transmission,  as  the  number  of  wires  and  the  weight  of  copper 
required  are  reduced.  The  transformation  from  a  low-tension 
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two  phase  system  to  a  high-tension  three-phase  system  may  be 
illustrated  by  mechanical  analogue.  Suppose  a  shaft  driven  by 
a  two-cylinder  engine  in  which  the  cranks  are  set  at  right  angles 
and  have  but  a  short  stroke  and  require  therefore  strong  and 
heavy  connecting  rods.  On  this  same  shaft  let  there  be  three 
equally  displaced  cranks  which  are  long  and  consequently  give 
a  high  velocity  to  the' rods  to  which  they  are  connected.  The 
rods  which  are  moving  at  the  higher  velocit}7  may  be  compara¬ 
tively  small  and  light  and  may  therefore  be  carried  to  a  consider¬ 
able  distance  without  exceeding  moderate  dimensions.  By  a 
similar  arrangement  at  the  other  end  of  the  rods  the  motion  may 
again  be  reduced  by  letting  the  three  rods  be  connected  to  three 
cranks  on  a  shaft  which  is  provided  with  two  short  cranks  driving 
rods  at  slow  speed.  In  the  electric  system  heavy  wires  or  cop¬ 
per  bars  conduct  the  two-phase  current  from  the  generator  to 
raising  transformers,  which  supply  a  high  pressure  to  an  outgoing 
circuit  and  which  are  connected  in  pairs  in  such  a  way  as  to 
deliver  a  three-phase  current  to  the  three  outgoing  wires  of  the 
transmission  circuit.  A  reversed  arrangement  may  be  used  for 
re-transforming  to  two-phase  currents  at  low  pressure. 

Three  generators  are  at  present  installed,  and  contracts  have 
been  let  and  work  is  progressing  rapidly  for  the  installation  of 
five  more.  Each  group  of  five  machines  has  a  switchboard  for 
regulating  and  controlling  the  current  and  supplying  it  to  the 
outgoing  circuits.  The  raising  transformers  are  located  in  the 
transformer  house  on  the  opposite  side  of  the  canal  from  the 
power  house  and  connected  with  it  by  a  stone  bridge. 

We  have  now  taken  a  general  view  of  the  plant,  following  the 
water  from  the  river  through  the  penstocks,  the  turbines  and  the 
tunnel  to  its  discharge  into  the  gorge.  We  have  followed  the 
power  developed  in  the  turbine  up  the  shaft  and  through  its 
conversion  into  electrical  energy  in  the  dynamo  and  have  seen 
briefly  the  general  character  of  the  currents  produced  and  the 
methods  of  handling  and  transforming  these  currents  in  the 
power  house.  We  will  now  follow  the  circuits  from  the  power 
house  and  find  the  destination  of  this  power. 

Before  taking  up  the  commercial  application  of  the  Niagara 
power  it  is  interesting  to  note  the  immediate  uses  of  water  power 
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and  electric  power  in  the  power  house  itself.  The  switchboard 
attendant  throws  his  switches  by  air  pressure  which  is  obtained 
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from  water  power.  The  pumps  for  circulating  oil  are  also  driven 
by  water  power.  The  powerhouse  is  heated  and  lighted  electric- 
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ally.  The  intake  gates  along  the  canal  are  operated  by  motors. 
The  elevators  and  the  cranes,  the  alarm  system,  and  even  the 
clock,  depend  upon  electricity,  and  the  connections  between  the 
armature  bars  were  soldered  electrically. 

The  first  commercial  use  of  the  electric  power  was  by  the  Pitts¬ 
burgh  Reduction  Company  in  its  extensive  works  on  the  river  a 
short  distance  above  the  power  house,  for  the  manufacture  of 
aluminum.  The  current  is  reduced  in  pressure  from  2200  volts 
to  a  low  voltage  and  is  supplied  to  machines  for  transforming 
the  alternating  current  into  direct  current.  These  machines 
perform  the  double  function  of  operating  as  alternating-current 
motors  and  as  direct- current  generators.  The  machines  are  sim¬ 
ilar  in  general  to  direct  current  dynamos,  with  the  addition, 
however,  of  collector  rings  for  receiving  the  alternating  cur¬ 
rent  and  introducing  it  at  suitable  points  in  the  armature  wind¬ 
ing.  A  mechanical  analogue  is  found  in  the  shaft  of  an  engine 
which  receives  power  by  two  cranks  from  reciprocating  rods  and 
delivers  it  to  a  belt  running  in  a  constant  direction.  This  plant 
has  a  capacity  of  nearly  4000  horse-power,  which  is  used  in  the 
form  of  direct  current  at  about  160  volts  for  the  manufacture  of 
aluminum  by  the  Hall  process. 

In  the  works  of  the  Carborundum  Company  a  large  trans¬ 
former  and  a  regulator  are  installed  which  deliver  1000  horse¬ 
power  of  alternating  current  to  electric  furnaces  for  making  carbo¬ 
rundum,  the  new  abrasive,  whose  hardness  is  exceeded  only  by 
that  of  the  diamond.  The  suitable  materials,  salt,  glass-sand,  saw¬ 
dust  and  coke,  for  making  the  carborundum  are  placed  in  a 
furnace  built  of  loose  bricks  and  the  current  is  passed  through 
from  one  end  to  the  other.  The  passage  of  the  current  produces 
heat  throughout  the  interior  and  raises  the  temperature  to  a  very 
high  degree.  The  resistance  changes  during  the  process,  requir¬ 
ing  an  adjustment  of  the  current  in  order  to  maintain  a  constant 
supply  of  energy.  This  necessitates  a  change  in  pressure  from 
about  250  to  100  volts.  After  about  twentv-four  hours  a  com- 
pound  of  silicon  and  carbon  is  formed,  the  amorphous  central 
core  bein^  surrounded  bv  beautiful  crystals. 

The  Acetylene  Light,  Heat  and  Power  Company  manufactures 
calcium  carbid  by  the  union  of  lime  and  coke  in  the  pres- 
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ence  of  an  intense  heat  generated  by  the  electric  arc.  The  cur¬ 
rent  passes  between  two  enormous  terminals  or  electrodes  which 


Furnace  Dismantled. 

Plant  of  the  Carborundum  Company. 
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are  separated  by  several  inches  and  the  arc  through  this  space 
radiates  an  intense  heat.  The  powdered  materials  surround  this 


Furnace  at  Work. 
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arc.  The  arc  gives  an  intense  light  and  a  loud  humming  sound 
having  a  frequency  corresponding  to  that  of  the  alternations  of 
current.  This  company  has  operated  with  a  1000  horse-power 
transformer  which  reduces  the  pressure  to  100  volts.  It  is  now 
installing  several  more  transformers  of  the  same  size. 

The  Niagara  Electro-Chemical  Company  uses  about  500  horse¬ 
power  in  direct  current  for  the  manufacture  of  metallic  sodium  by 
the  Castner  process.  The  current  is  delivered  at  a  voltage  which 
may  be  varied  from  125  to  165  volts  by  means  of  a  regulator 
connected  with  the  lowering  transformers.  The  number  of 
turns  in  one  of  the  windings  of  these  transformers  may  be  varied 
at  will,  thus  changing  the  ratio  between  the  number  of  turns  in 
the  two  windings  and  thereby  raising  or  lowering  the  resulting 
pressure,  which  in  turn  varies  the  pressure  delivered  by  the  ma¬ 
chine  which  supplies  direct  current.  One  of  these  machines  is 
the  first  of  its  type.  It  differs  from  other  machines  in  having 
no  field  coils  and  is  termed  an  “  induction  rotary.”  The  mag¬ 
netizing  effect,  which  is  usually  secured  by  direct  current  through 
the  field  winding,  is  here  obtained  from  the  alternating  current 
through  the  armature  winding.  It  possesses  many  elements 
of  excellence  in  simplicity  of  construction  and  operation. 

The  Matheison  Alkali  Company  is  now  installing  a  plant  in 
which  about  1500  horse-power  will  be  used  in  the  form  of  direct 
current  at  a  voltage  variable  from  about  175  to  225  volts. 

The  electric  light  plant  for  the  village  of  Niagara  Falls  has  in 
addition  to  its  former  steam  plant  two  400  horse- power  induction 
motors  which  receive  power  from  the  Niagara  generators  and  are 
used  for  driving  the  dynamos  which  supply  the  commercial 
lighting  circuits.  Much  of  this  lighting  might  be  supplied 
directly  by  the  circuits  from  the  large  generators,  but  a  part, 
notably  the  arc  lighting,  cannot  be  thus  supplied  and  the  motors 
were  introduced  as  a  simple  mechanical  arrangement  for  furnish¬ 
ing  power  to  the  existing  plant.  The  induction  motor  possesses 
many  advantages  over  its  rival,  the  direct-current  motor,  not 
only  as  regards  electrical  performance,  but  especially  in  its 
mechanical  characteristics.  As  is  well  known,  the  commutator 
in  direct-current  machinery  is  the  element  which  is  most  difficult 
to  construct  and  which  is  the  part  most  liable  to  accident  and 
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deterioration  and  wear,  and  which  calls  for  care  and  skill  in 

attendance.  This  feature  is  entirely  absent  from  the  induction 

«/ 

motor,  which  in  its  most  approved  type  has  no  open  nor  moving 
electric  contacts  whatever.  The  revolving  element  is  ideally 
simple.  It  consists  of  an  iron  core  with  holes  near  the  circum¬ 
ference,  through  which  are  placed  copper  rods  which  are  securely 
bolted  to  rings  at  each  end.  The  currents  in  this  element  are 
induced  through  magnetic  action  from  the  currents  in  the  coils 
on  the  outer  stationary  part  of  the  machine  which  are  received 
from  the  supply  circuit.  The  induction  motor  tends  to  run  at  a 
certain  definite  speed  and  falls  off  a  trifling  amount  from  this 
speed  as  it  is  loaded.  The  synchronous  alternating  current  motor 
must  run  at  a  perfectly  definite  speed,  and  when  the  speed  falls 
below  this  amount  caused  by  overload  or  otherwise  the  motor 
will  stop.  It  is  much  more  sensitive  in  its  operation  and  requires 
closer  adjustment  and  attention  both  mechanically  and  electrically 
than  the  much  more  flexible  induction  motor. 

Mechanical  power  is  supplied  from  Niagara  circuits  for  various 
minor  operations,  such  as  driving  fans,  pumps,  crushers,  etc.,  in 
connection  with  the  various  establishments  which  have  already 
been  described. 

The  only  present  use  of  mechanical  power  on  a  large  scale  is 
in  the  operation  of  street  railways.  Direct  current  at  a  pressure 
of  about  500  volts  is  obtained  for  this  purpose  through  the  agency 
of  transformers  for  reducing  the  pressure  of  the  main  circuits 
and  rotaries,  which  are  similar  to  the  machines  at  the  various 
chemical  works  which  receive  alternating  and  deliver  direct  cur¬ 
rent.  Three  machines  of  500  horse-power  each,  are  located  in 
one  end  of  the  power  house  and  supply  current  to  the  railways  in 
Niagara  Falls  and  to  the  Niagara  end  of  the  road  to  Buffalo. 

AYe  now  have  completed  our  examination  of  the  diversified 
methods  of  using  electric  power  near  the  generating  plant.  The 
feature,  however,  which  attracts  the  greatest  popular  interest  is 
the  transmission  to  Buffalo.  In  the  transformer  house  are  two 
transformers,  with  a  total  capacity  of  2500  horse-power,  which 
transform  the  2200  volt  two-phase  current  into  11,000  volt  three- 
phase  current  which  is  carried  by  three  heavy -copper  cables  on  a 
substantial  pole  line  to  the  outskirts  of  Buffalo,  where  it  passes 
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into  cables  in  an  underground  conduit  to  the  power  station  of  the 
city  railway  plant,  a  total  distance  of  twenty-seven  miles.  Here 
the  current  is  reduced  in  pressure,  is  transformed  into  direct  cur¬ 
rent  and  supplies  about  1000  horse-power  to  the  trolley  circuits. 


A//AGARA  FALLS  POWER  CO . 


Diagram  of  Circuits. 


It  is  proposed  to  increase  the  transmission  voltage  to  2*2,000  volts 
and  supply  power  on  a  large  scale  for  general  purposes  as  soon 

as  the  apparatus  can  be  installed, 
ll 
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This  cursory  examination  of  what  is  being  accomplished  within 
two  years  of  commercial  operation  impresses  us  with  the  magni¬ 
tude  of  the  engineering  projects,  the  versatility  and  flexibility  of 
the  electric  system  and  the  newness  of  the  industries  which  are 
operating.  It  is  of  special  interest  to  note  that  the  great  field 
ring,  the  dynamos  and  the  turbines  were  all  constructed  in  the 
State  of  Pennsylvania,  and  that  no  engineer  has  had  more  to  do 
with  the  enterprise,  from  the  time  he  was  acting  as  the  only 
American  member  of  the  International  Commission  which  con¬ 
sidered  the  preliminary  plans  until  its  completion  under  his 
intelligent  and  painstaking  direction,  than  your  honored  fellow- 
member,  Dr.  Coleman  Sellers. 

The  current  from  Niagara  generators  is  supplying  almost  every 
kind  of  electrical  industry.  It  is  transformed  into  direct  current 
at  constant  voltage  and  at  variable  voltage.  It  is  transformed  as 
alternating  current  to  a  low  voltage,  either  constant  or  variable, 
and  to  a  high  voltage,  for  transmission.  The  current  is  used  for 
developing  mechanical  power  which  replaces  steam  engines,  does 
miscellaneous  work  and  operates  street  railways.  The  current  is 
used  for  lighting  and  for  ordinary  heating.  In  the  new  processes 
the  current  is  used  for  its  electrolytic  and.  heating  effects.  Heat¬ 
ing  is  produced,  both  by  direct  passage  of  the  current  through 
materials  sometimes  in  liquid  form,  sometimes  in  solid  form, 
and  by  the  electric  arc. 

The  important  enterprises  at  Niagara  are  new.  The  processes 
are  among  those  which  electricity  has  so  recently  given  to  the 
arts.  They  are  large  consumers  of  power  and  their  commercial 
practicability  depends  upon  its  cheapness.  In  ordinary  manu¬ 
facturing  industries  the  cost  of  power  is  a  small  percentage  of  the 
cost  of  material  and  labor,  and  the  power  is  used  only  a  small 
part  of  the  day.  In  the  industries  at  Niagara  the  cost  of  power 
is  the  vital  element,  and  while  on  the  one  hand  their  continuous 
operation  makes  them  ideal  customers  of  a  water-power  plant,  on 
the  other  hand  they  are  significant  omens  of  the  advance  in  the 
industrial  methods  which  is  made  possible  by  abundant  and 
cheap  power. 


Phila.,  1897,  XIV,  2.]  Discussion — Niagara  Falls  Dover  Omijmny. 


151 


DISCUSSION. 

Coleman  Sellers. — It  has  afforded  me  much  pleasure  to  fol¬ 
low  Mr.  Scott's  description  of  the  work  of  developing  the  power 
of  Niagara  Falls,  particularly  his  statement  of  the  electrical  con¬ 
ditions  and  explanation  of  the  mode  of  meeting  the  requirements 
of  the  problem. 

He  has  called  attention,  I  notice,  to  an  important  improve¬ 
ment  in  the  transmission  of  electricity.  From  two-phase  genera¬ 
tors  which  need  four  cables  for  such  transmission  he  has  ex¬ 
plained,  how,  by  conversion  into  three  phases  in  the  step-up 
transformers  three  cables  only  are  required  to  form  the  line,  thus 
saving  25  per  cent,  in  copper  and  the  same  amount  in  the  num¬ 
ber  of  insulators  needed.  He  modestly  refrained  from  connect¬ 
ing  his  own  name  with  this  important  invention,  which  he  made 
public  at  a  meeting  in  Washington,  D.C.,  when  the  study  of  the 
subject  for  the  Cataract  Construction  Company  was  exciting  the 
inventive  faculty  of  competing  electrical  manufacturing  com¬ 
panies. 

Mr.  Scott's  use  of  the  two  throw  cranks  analogue  in  explaining 
the  advantage  of  two-phase  generation  has  been  enhanced  by  his 
ingenious  comparison  of  the  principle  of  the  step-up  transformer 
to  short  radius  cranks  with  heavy  connecting  rods  receiving  the 
power  from  the  prime  motion,  while  long  radius  cranks  and 
lighter  connecting  rods  for  the  transmission  of  the  power  to  a 
distance  is  new  to  me  and  must  be  hereafter  associated  in  my 
mind  with  others  of  his  happy  thoughts. 

In  following  the  rapid  progress  in  the  art  of  generating  and 
transmitting  electricity  I  have  had  repeated  conferences  with  the 
technical  staff  of  the  leading  companies  engaged  in  manufactur¬ 
ing  electrical  appliances,  and  as  I  am  familiar  with  what  they 
have  done  to  advance  the  art,  I  can  fully  appreciate  Mr.  Scott's 
contribution  to  this  advancement  by  economical  methods,  and 
recognize  his  part  in  the  inventions  he  has  briefly  mentioned 
this  evening. 

In  regard  to  the  fact  that  the  turbines  at  Niagara  Falls  were 
designed  by  foreign  engineers,  it  may  interest  you  to  know  some¬ 
thing  of  the  circumstances  that  led  thereto.  Certain  fixed  con- 
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ditions  and  requirements  were  submitted  to  turbine  builders  both 
in  this  country  and  in  Europe.  At  the  recommendation  of  the 
Niagara  Commission  that  met  in  London  in  1890,  a  unit  of  5000 
horse-power  had  been  adopted  under  the  available  head  of  136  to 
140  feet,  and  prescribed  speed  250  r.  p.  m.  No  turbine  of  5000 
horse-power  had  been  built  by  any  manufacturer,  and  none  of  the 
commercial  sizes  of  turbines  on  the  market  could  be  utilized. 
A  new  design  was  therefore  required  to  meet  the  conditions  and 
many  plans  were  submitted.  The  design  of  Messrs.  Faesch  & 
Piccard,  of  Switzerland,  proved  to  be  the  most  acceptable  and  was 
accordingly  adopted.  This  firm  had  previously  designed  no 
turbines  of  over  700  horse-power  and  the  nature  of  the  problem 
as  presented  required  much  study  and  could  be  met  only  by  wide 
departure  from  common  practice. 

While  designed  abroad,  the  turbines  and  machinery  connected 
therewith  were  built  in  this  city,  and  so  far  as  the  operation  of 
the  wheels  themselves  is  concerned,  we  have  every  reason  to  be 
satisfied  with  our  choice.  Some  radical  changes  had  to  be  made 
in  the  few  bearings  needed  to  steady  the  revolving  shaft,  for  while 
designed  in  accordance  with  the  best  European  practice  they  did 
not  meet  the  conditions,  and  were  therefore  modified  on  lines 
well  established  by  long  experience  in  America,  but  not  familiar 
to  all  engineers.  More  than  thirty  years’  experience  in  manu¬ 
facturing  shafting  enabled  me  to  design  the  bearing  that  has 
been  so  successful  in  the  present  case.  The  construction  of  the 
turbines  was  well  under  way  before  any  conclusion  had  been 
reached  as  to  the  character  of  the  electrical  system  to  be  em¬ 
ployed.  The  dynamos  were  not  ordered  until  1893,  and  at  that 
time  little  was  known  as  to  what  uses  the  power  developed  would 
be  applied.  Mr.  Scott  has  explained  to  you  that  the  system 
adopted  was  considered  by  experts  as  best  adapted  to  power  pur¬ 
poses.  This  differs  in  many  ways  from  what,  to  a  limited  extent, 
was  then  in  use  in  operating  machinery  by  direct-current  motors. 
He  has  explained  by  diagram  the  perfect  elasticity  of  the  multi¬ 
phase  alternate  current  system,  and  the  great  scope  of  its  econom¬ 
ical  utilization.  With  this  in  mind,  you  can  well  appreciate  the 
value  of  the  selection,  considering  the  paucity  of  data  at  com¬ 
mand  to  aid  in  designing  the  power-house,  and  in  anticipating 
the  character  of  the  appliances  to  be  accommodated  therein. 
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At  the  present  time  the  wheel-pit  ami  power-house  at  Niagara 
Falls  are  being  extended,  and  new  machinery  is  well  under  way. 
Five  units,  each  of  5000  horse-power,  will  he  added  to  the  three 
now  in  operation.  The  extension  of  the  machinery  is  in  harmony 
with  the  present  plant,  which  was  considered  experimental  by 
most  engineers.  A  careful  study  of  the  operation  of  the  turbines 
and  of  the  dynamos  has  enabled  improvements  to  be  made  in 
the  direction  of  simplicity  and  increased  durability.  The  efliciency 
promised  by  the  makers  of  the  existing  plant  was  deemed  by 
many  engineers  as  problematical.  For  the  new  machinery  a 
higher  efficiency  is  guaranteed  and  I  have  confidence  in  the 
result.  The  new  dynamos  will  not  differ  in  outward  appearance 
from  those  in  use,  the  changes  being  mainly  in  the  armature  for 
th-e  diminution  of  copper  and  iron  losses  and  more  perfect  ven¬ 
tilation. 

The  present  dynamos  are  excited  from  steam-driven  D.  C.  gen¬ 
erators,  or  can  be  self-excited  from  rotarv  transformers.  In  the 
extended  plant  the  excitation  will  be  from  direct-current  dyna¬ 
mos,  driven  by  special  turbines  of  American  design,  arranged  in 
a  group  in  the  middle  of  the  long  line  of  dynamos,  which  there¬ 
after  will  be  operated  wholly  by  water-power.  The  anomaly  of 
so  large  a  water-power  being  dependent  on  steam  for  its  ability 
to  generate  electricity  will  thereafter  cease  to  obtain  in  practice, 
as  sufficient  direct  current  will  be  generated  from  turbines  to 
excite  the  fields  of  ten  dynamos  and  also  operate  such  D.  C. 
motors  as  are  required  in  the  house  and  to  supply  all  arc  lights 
used  on  the  premises. 
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SUPERSTRUCTURE  OF  THE  DELAWARE-RIVER  BRIDGE 
AT  BRIDESBURG,  PHILADELPHIA,  FOR  PENNSYL¬ 
VANIA  AND  NEW  JERSEY  R.R.  CO. 

By  Paul  L.  Wolfel,  M.  Am.  Soc.  C.E.,  Active  Member. 

Read  May  1,  1897. 

This  bridge  consists  of  a  trestle  approach  of  about  2,124  feet 
on  the  Pennsylvania  side,  two  533  feet  fixed  spans  near  the 
Pennsylvania  shore;  then  follows  a  323  feet  drawbridge  and 
another  533  feet  fixed  span  near  the  New  Jersey  shore.  On  the 
New  Jersey  side  is  a  trestle  approach  of  about  324  feet  length, 
making  the  total  length  of  the  structure  4,400  feet  over  all.  All 
the  river  spans,  of  course,  are  through  spans.  The  bridge  carries 
a  double-track  railroad. 

The  steel  work  was  got  out  in  accordance  with  specifications  and 
strain-sheets  furnished  by  the  Pennsylvania  Railroad,  and  under 
direct  supervision  and  subject  to  the  approval  of  Mr.  W.  A.  Pratt, 
Bridge  Engineer  of  said  Company.  In  our  Pencoyd  office,  our 
Chief  Engineer,  Mr.  C.  C.  Schneider,  had,  of  course,  the  direct 
supervision  of  the  work. 

Open-hearth  steel  was  used  throughout.  Medium  steel,  with 
reamed  holes  and  sheared  edges,  using  correspondingly 
higher  unit-strains  was  used  for  all  the  main  members  of  the 
trusses  of  the  big  spans,  while  soft  steel  was  used  in  all  laterals, 
in  the  floor  of  the  fixed  spans  and  of  the  draw  and  in  the  via¬ 
ducts  of  the  approaches.  The  same  workmanship  as  for  wrought 
iron  was  used  for  soft  steel  up  to  a  thickness  of  metal  of  %"  in¬ 
clusive,  and  the  same  requirements  of  workmanship  as  for 
medium  steel  were  called  for  above  that. 

The  approaches  consist,  with  the  exception  of  a  few  street  and 
railroad  crossings  of  irregular  lengths,  throughout  of  40  feet 
spans  and  40  feet  towers,  with  a  maximum  height  of  about  49 
feet  from  base  of  rail  to  masonrv.  The  columns  consist  of  two  web- 

t / 

plates  and  four  angles  with  flanges  turned  in  latticed  on  both  sides, 
and  are  well-anchored  to  the  foundations.  A  one-story  bracing, 
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consisting  of  struts  and  stiff  diagonals,  is  used  throughout.  There 
are  four  lines  of  stringers,  6'  6"  center  to  center,  and  4'  91"  deep. 
The  two  outer  lines  rest  directly  on  the  columns  of  the  towers,  the 
two  inner  lines  are  supported  by  cross -girders  5'  21"  deep,  which 
are  framed  between  these  columns.  Objections  have  been  raised  . 
lately  against  a  construction  of  this  kind,  claiming  that  the  string¬ 
ers  should  be  framed  between  the  cross-girders.  I  wish  to  say, 
however,  that  this  design  was  only  adopted  after  all  advantages 
and  disadvantages  of  the  same  had  been  carefully  weighed 
against  each  other.  Cost  of  shop  and  field  work,  also  time  of 
erection,  are  largely  in  favor  of  a  structure  as  used.  The  main 
objection  to  riveting  the  stringers  between  the  cross-girders,  how¬ 
ever,  was  the  difficulty  in  replacing  eventually  loose  rivets  at  the 
expansion  joints.  We  have  tried,  therefore,  to  make  a  thoroughly 
stiff  structure  in  the  way  described  before,  and  I  must  say  that, 
when  you  pass  in  a  train  over  it,  you  will  notice  so  little  vibra¬ 
tion  that  you  can  hardly  take  exception  to  the  design  adopted. 

The  three  fixed  spans  of  533  feet  lengths  are  arranged  in  eight 
main  panels  of  66'  71",  and  these  are  subdivided  in  two  panels  each 
by  using  a  secondary  system,  giving  a  stringer  length  of  33'  3J". 
The  truss  height  varies  from  57'  0"  at  the  hip  to  84'  0"  at  the 
center.  End  floor  beams  have  been  used  throughout.  The 
chords  and  end  posts  have  four  webs  301"  deep  and  cover-plates 
46"  inches  wide.  The  sections  are  completely  balanced.  At  all 
joints  the  chords  are  designed  for  full  pin-bearing,  no  butt-joints 
being  used.  One  outer  pin-plate  always  runs  over  the  angles, 
the  other  pin-plates  being  only  of  the  clear  width  of  web  between 
the  angles  in  order  to  allow  the  driving  of  the  rivets  through  the 
flanges.  The  inclined  end-posts  have  no  field  splices.  They  are 
87'  8t3^"  long  cen  ter  to  center  pins,  and  have  a  scale  weight  of  about 
96,600  pounds  each.  Only  the  covers  and  webs  have  shop  splices, 
while  the  angles  and  balance-strips  are  of  one  continuous  length. 
All  posts  consist  of  two  webs  and  four  angles  with  flanges  turned 
in;  these  have  no  field  splices  either,  and  shop  splices  in  webs 
only  at  the  center  pin.  The  bulk  of  the  eye-bars  are  12"  wide, 
with  25J"  heads  to  allow  for  an  8j"  pin.  The  thickest  bar  used 
has  2J"  metal,  and'  the  heaviest  weighs  about  5,500  pounds  fin¬ 
ished.  Special  attention  was  given  to  the  packing  of  the  eye- 
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bars.  No  eye-bar  is  tapered  more  than  per  foot.  This  is 
accomplished  by  using  an  unsymmetrical  packing  of  the  bottom 
chord-bars,  having  nine  and  ten  bars  in  the  panels  adjoining  the 
center,  ten  and  nine  bars  in  the  panels  next  to  this,  until  we 
reach  the  symmetrical  packing  of  eight  bars  in  the  third  panel 
from  the  center.  This  allows,  at  the  same  time,  to  utilize  the 
whole  space  between  the  posts  for  the  packing  of  the  eye-bars, 
reducing  the  cut  in  the  cut-out  floor  beams  to  a  minimum.  A 
perhaps  small  matter,  but  one  that  probably  saved  much  expense 
and  delay  in  the  field,  are  the  diaphragms  in  all  chords  and  end- 
posts  to  prevent  the  shifting  of  the  webs  towards  each  other  after 
the  pin-holes  were  bored.  In  a  2-web  chord  this  is  not  such  a 
very  serious  matter,  while  in  a  4-web  chord  the  first  two  webs 
guide  the  pin,  so  that,  in  driving,  the  latter  must  strike  the  solid 
metal  of  the  other  webs,  if  any  of  these  have  shifted. 

In  all  trusses  with  a  secondary  system  the  deformation  of  the 
structure  will  throw  bending  stresses  into  some  of  the  main 
members.  Let  me  illustrate  this  with  the  end  post,  where  it  has 
more  effect  than  in  other  members. 


If  U2  L2  elongates  it  will  bend  L0  in  the  direction  of  the 

arrow,  the  same  will  occur  when  L0  L2  elongates  or  L0  U2  and 

Mt  L2  compresses.  In  our  case  this  would  have  thrown  M1  0.8 

of  an  inch  out  of  the  line  L0  U2,  which  would  correspond  to 

about  3,900  pounds  per  square  inch  fibre  stress  from  bending,  a 

* 

stress  for  which,  to  my  knowledge,  never  any  allowance  has  been 
made  in  former  designs  of  a  similar  kind.  This  extra  stress  has 
been  avoided  on  the  Delaware  Bridge  by  shortening  the  eye-bars 
L0  L1  and  Ll  L2  one-half  inch  each  or  one  inch  total,  thus  bend- 
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ing  the  end  post  J  incli  the  other  way  for  bridge  unloaded  and 
making  it  practically  straight  under  its  maximum  load.  The 
chords  and  main  posts  have  been  treated  in  a  similar  wav,  so 
that  we  can  sav  that  all  members  in  this  structure  are  practically 
straight  and  free  from  bending  when  they  get  their  maximum 
stresses.  Thus  all  unnecessary  bending  stresses  caused  by  the 
system  are  avoided  in  the  trusses. 

The  lateral  bracing  is  stiff  throughout;  deep  sway-braces  have 
been  used  at  all  main  panel  points,  while  at  the  secondary  panel 
points  a  top  strut  only  of  the  depth  of  the  chord  was  used.  The 
stiffness  of  the  continuous,  wide  hangers  was  considered  sufficient 
to  prevent  any  undue  vibration  at  these  points,  and  it  was  thought 
preferable  to  use  less,  but  good  and  strong  braces  in  order  to  pre¬ 
serve  the  clear  outlines  of  the  structure  and  to  do  away  with  that 
mixed  up  impression  a  bridge  is  likely  to  make  when  too  many 
light  pieces  are  used.  The  same  principle  was  followed  in  design¬ 
ing  the  deep  portals.  A  new  detail  you  see  in  .the  top  strut  of 
the  same.  This  consists  of  two  webs  as  deep  as  the  chords  and 
under  right  angles  to  the  end  posts  and  first  top  chords,  with 
two  angles  each  and  a  bent  cover  on  top  and  bent  lacing  at  the 
bottom.  Square  connections  were  thus  made  possible  with  the 
top  laterals  and  the  portal  diagonals,  all  of  which  consist  of  four 
angles  latticed  as  deep  as  the  chords.  The  bottom  lateral  system 
is  stiff  throughout,  and  is  rigidly  connected  to  the  foot  of  the 
posts  and  the  cut-out  floor  beams  at  the  panel  points  and  to  all 
stringers  in  between. 

At  the  end  of  each  truss  a  reaction  of  1200  tons  had  to  be 
taken  care  of.  A  set  of  seven  15"  I-beams  8'  21"  long,  with 
diaphragms  riveted  in  between,  runs  transversely  under  each 
shoe  and  also  carries  the  end  floor  beams.  l>elow  this  set  is  one 
of  thirteen  12"  beams  5'  2"  long  running  longitudinally.  These 
rest  at  the  fixed  ends  on  another  set  of  seven  20"  I-beams  8'  2" 
long  parallel  to  the  first,  which  are  cut  in  the  middle  and  framed 
into  a  20"  x  f"  plate,  which  acts  as  a  brace  against  overturning. 
At  the  expansion  ends,  the  20"  beams  are  replaced  by  seven  seg¬ 
mental  cast-steel  rollers  of  18"  diameter,  8A'  wide  and  8'  2 1"  long. 
To  prevent  these  rollers  from  leaving  their  normal  position,  the 
middle  roller  has  at  each  end,  top  and  bottom,  a  gear  tooth  7" 
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long,  which  is  guided  properly  in  the  bottom  plate  below  and  in 
the  shoe  above.  The  usual  construction  of  a  longitudinal  center 
strip  with  sufficient  rivets  to  take  care  of  the  wind,  etc.,  prevents 
the  spans  from  shifting  sideways.  The  deep  roller-nests  are  very 
sensitive,  and  therefore  relieve  the  masonry  greatly  of  strains 
caused  through  the  contraction  and  expansion  of  the  trusses. 
When  assembled  in  the  shop,  one  man  could  easily  move  the 
whole  nest,  even  though  its  weight  was  something  like  20,500 
pounds. 

To  the  deflection  and  camber  of  these  spans  was  given  special 
attention.  At  the  center  of  the  bottom  chords  the  deflection 
figures  as  follows : 

0.679"  from  play  in  pins, 

3. 520"  from  dead  load, 

4.199"  when  swung  but  unloaded. 

3.401"  from  live  load. 

7.600"  total. 

The  shortening  of  the  bottom  chord-bars  L0  Lx  and  L 1  L2 
mentioned  above  cambers  the  span.  For  the  same  purpose 
all  top  chords  (the  main  panels  of  66'  7b"  I  mean)  were  length¬ 
ened  -§"  each.  A  very  uniform  camber  was  thus  obtained,  rais¬ 
ing  the  center  5  89".  This  leaves  after  the  span  is  swung  the 
bottom  chord  at  the  center  1.691"  above  normal  for  bridge  un¬ 
loaded  and  brings  it  1.710"  below  for  bridge  loaded.  As  it  will 
hardly  ever  occur  that  both  tracks  of  the  bridge  will  be  loaded 
at  the  same  time  with  the  maximum  load  for  the  full  length  of 
the  span,  not  more  than  half  the  load  assumed  being  the  usual 
case  of  loading,  these  figures  were  adopted  as  final.  Actual 
measurements  after  the  span  was  up  gave  practically  identical 
figures : 

The  bottom  chord  stretches 

0.50"’from  play  in  pin  holes, 

1.58"  from  dead  load, 

2.08"  total  for  bridge  swung  but  unloaded. 

1.53"  from  live  load. 

3.61"  total. 
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A  change  in  temperature  of  120  degrees  will  move  the  roller-end 
5.1,  inches.  The  rollers  were  therefore  set  so  that  they  had  to 
move  2. OS"  to  get  in  their  normal  position  when  the  blocking 
was  removed,  and  they  were  designed  to  allow  a  fair  margin 
over  a  total  motion  of  5.5  -f-  1.53"  or  about  seven  inches,  or  31 
inches  plus  or  minus. 

In  the  usual  wav  of  construction  the  total  stretch  of  the  bottom 
chords  of  3.61"  caused  by  the  play  in  pins,  by  the  dead  load  and 
by  the  live  load  will  also  go  into  the  stringers  and  the  lower 
laterals.  The  floor  beams  in  our  case  are  very  rigid,  really  held 
continuously  by  the  four  lines  of  stringers.  This  stretch  of  the 
lower  chords  would  therefore  throw  an  exceedingly  severe  tension 
on  the  connection  of  the  outer  line  of  stringers,  considerable  hori¬ 
zontal  shear  on  the  connections  between  floor  beams  and  posts, 
and  then  naturally  bending  in  the  posts.  To  avoid  this  the 
floor  system  was  not  put  in  place  until  the  trusses  were  com¬ 
pletely  swung,  and  the  stringers  were  kept  sufficiently  long  to 
make  up  for  the  stretch  of  2.08"  from  the  play  in  the  pins  and 
from  the  dead  load.  To  provide  against  the  bad  effect  of  the  live 
load  stretch  of  1.53"  very  wide  connection  angles  (6"  x  4")  were 
used,  with  the  6"  leg  against  the  floor  beam  and  with  one  line  of 
rivets  close  to  the  outer  edge  of  these  angles.  This  allows  for 
some  give  in  these  connections  before  the  strain  on  the  rivets  gets 
too  severe. 

The  draw-span  is  center  bearing  with  wedges  at  ends  and 
center.  The  construction  of  the  trusses,  the  floor  and  laterals 
follows  the  same  line  as  in  the  fixed  spans.  The  time  I  can  allow 
for  this  paper  makes  it  impossible  to  give  a  full  description  of 
the  machinery,  which  in  a  good  many  instances  leads  to  very 
interesting  problems. 

When  swinging,  the  total  weight  of  the  bridge,  about  2,000,- 
000  pounds,  is  carried  on  the  center  pivot,  the  eight  wheels 
being  only  used  to  balance  the  draw.  The  main  trusses  are  car¬ 
ried  on  heavy  cross-girders  64  feet  deep,  which  through  the  bolt 
girders,  bolts  and  I-beams  transfer  their  load  to  the  pivot  and 
pivot-casting.  The  whole  center,  consisting  of  cross-girders,  bolt- 
and  wedge-girders,  was  shipped  from  the  shop  riveted  up  com¬ 
plete,  ready  to  be  dropped  in  place.  It  made  a  good  car-load  of 
about  82,000  pounds  net. 
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The  pivot  proper  consists  of  an  upper  and  lower  disk  of  case- 
hardened  steel  with  a  phosphor-bronze  disk  between  them,  all  of 
27  inches  diameter.  When  closed  the  two  center  wedges  are 
brought  to  a  tight  bearing  through  a  screw  and  lever  mechanism, 
while  at  the  same  time  the  end  wedges  which  are  driven  by  a 
worm  wheel  and  lever  mechanism,  situated  at  the  ends  of  the 
bridge,  lift  the  ends  j  to  l/r.  This  lift  is  ample  to  prevent  the 
uplifting  of  the  ends  in  case  of  one-sided  loading.  The  bridge 
thus  acts  after  it  is  closed,  as  a  continuous  girder,  as  far  as  the 
live  load  is  concerned.  Of  special  interest  is  the  latch  arrange¬ 
ment.  It  often  occurs,  when  a  draw  reaches  the  closing  posi¬ 
tion  with  too  much  velocity  and  the  latch  catches  too  suddenly, 
that  the  bridge  is  brought  to  a  very  sudden  stop  and  has  to  stand 
an  injurious  jar.  To  avoid  this,  an  adjustable  counterweight  has 
been  provided  at  the  shaft  driving  the  latch,  by  which  the 
velocitv  of  the  fall  of  the  latter  can  be  regulated.  The  latch- 
catch  is  of  a  peculiar  curved  shape,  on  which  a  small  wheel  at 
the  end  of  the  latch  has  to  run  up.  When,  therefore,  the  draw 
reaches  the  closing  point  with  a  greater  velocity  than  seems  desir¬ 
able,  the  latch  will  jump  over  the  catch,  and  all  the  operator  can 
do  is  to  bring  his  bridge  to  a  stop  and  go  back  somewhat  slower. 
A  very  ingenious  interlocking  s}rstem  was  provided  later  by 
the  railroad  company,  making  it  practically  impossible  fora  train 
to  attempt  to  enter  the  draw  unless  everything  is  in  the  proper 
condition.  The  draw  is  reversible,  so  that  it  can  follow  the  ship 
passing  through.  It  is  operated  by  steam  power,  from  the  engine 
house  above  the  tracks,  the  engine  for  which,  with  all  machinery 
above  the  platform,  was  designed  and  furnished  by  Cyrus  Cur¬ 
rier  &  Sons  of  Newark,  New  Jersey.  Provisions  are,  of  course, 
made  to  operate  the  bridge  by  hand  in  case  of  an  accident.  With 
the  exception  of  very  few  and  unimportant  parts,  where  cast  iron 
was  used,  all  castings  were  made  of  medium  open  hearth  steel. 
All  steel  castings  were  thoroughly  annealed.  The  wedges  have 
been  drawn  and  the  draw  opened  completely,  and  vice  versa,  in  as 
short  a  time  as  about  55  seconds. 

The  approaches  were  erected  first  in  the  usual  way.  The  erection 
of  the  river  spans  had  to  begin  on  the  Jersey^side,  the  stone  piers 
there  being  ready  first.  The  fixed  spans  were  erected  on  regular 
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false- work,  while  the  draw  was  erected  on  the  fender,  as  a  chan¬ 
nel  for  navigation  had  to  be  kept  open  at  all  times.  After  the 
first  span  was  up,  false-work  was  put  in  the  two  openings  of  the 
draw,  and  in  the  first  two  GO  feet  panels  of  the  next  fixed  span. 
The  traveler  was  moved  over  on  this  latter  portion.  Mean¬ 
while,  navigation  had  to  go  through  the  open  part  of  this  fixed 
span.  Then  the  false-work  in  the  opening  of  the  draw  next  to 
the  Pennsylvania  shore  was  removed  and  this  channel  opened 
for  navigation.  The  false- work  in  the  channel  of  the  draw  next 
the  Jersey  shore  had  to  stay  in  place,  as  the  material  for  the 
draw  span  had  to  be  brought  over  the  same.  This  done,  false¬ 
work  could  be  put  in,  covering  the  opening  of  the  two  fixed 
spans  next  the  Pennsylvania  shore,  to  allow  the  material  for 
these  spans  to  come  in  from  this  side.  The  erection  was  then 
started  on  the  second  span  from  the  Pennsylvania  shore.  This 
long  stretch  of  false-work,  in  conjunction  with  the,  about  800  feet 
long,  fill  from  the  Pennsylvania  shore,  which  carried  the  trestle, 
in  order  to  reach  the  new  bulkhead  line,  caused  a  serious  ice 
gorge.  This  ice  gorge  caused  sufficient  alarm  to  make  it  seem 
advisable  to  remove  all  the  eye-bars,  etc.,  of  the  second  span,  that 
had  just  been  stretched  out  on  the  false-work,  to  a  place  of  greater 
safet}r.  Fortunately,  warm  weather  set  in  and  broke  up  the  ice.  It 
was  found,  however,  that  the  false  work  had  been  pushed  down 
river  from  10  to  12  inches.  Another  severe  test  the  false-work  had 
to  stand  was  at  the  time  of  the  heavy  storm  that  caused  so  much 
havoc  in  our  city  and  surroundings  in  the  early  spring  of  1890. 
It  passed  right  across  the  bridge  when  one  span  was  partly  up 
and  the  high  traveler  was  also  carried  by  the  false-work.  It  did 
not  do  any  serious  damage  however,  but  pushed  the  whole 
structure  about  four  inches  up  river. 

One  bent  of  false-work  was  put  under  each  panel  point,  mak¬ 
ing  the  bents  about  33  feet  apart.  The  bents  had  two  stories. 
The  lower  story  had  10  vertical  and  two  battered  piles  within  a 
minimum  diameter  of  ten  inches  at  the  river  bottom.  Thev  were 
driven  according  to  the  Pennsylvania  Railroad  Company’s  specifi¬ 
cations  for  pile  driving  used  for  the  foundations  of  the  approaches. 
The}^  were  well  braced  down  to  the  low-water  line,  that  is,  for 
the  upper  15  to  IS  feet,  according  to  grade.  The  maximum 
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height  of  this  lower  story  above  the  bottom  of  the  river  was 
about  58  feet,  leaving  40  feet  unsupported  below  low  water  line. 
The  upper  story  of  32  feet  was  made  up  of  ten  12  x  12"  timbers, 
well  braced  with  a  12  x  16"  and  a  12  x  8"  cap  on  top.  The  track 
in  the  middle  was  carried  on  the  cap  by  pony  bents  about  10 
feet  high,  which  brought  us  up  to  the  final  elevation  of  the  rail. 
The  traveler  was  carried  on  each  side  on  four  lines  of  20"  I- 
beams,  64  pounds  per  foot,  while  the  track  was  carried  by  a  20" 
61  pounds  beam,  reinforced  by  8  x  16"  timber  per  rail.  8  x  16" 
timbers  carried  the  plank  for  the  working  platform. 

The  traveler  was  constructed  of  steel.  It  had  three  bents 
about  33  feet  apart  to  cover  one  main  panel  of  the  trusses.  Each 
foot  of  the  bents  was  supported  by  a  car  truck.  The  frames  of 
these  bents  were  made  very  rigid  crosswise,  being  riveted  through¬ 
out,  while  the  longitudinal  bracing  was  made  as  light  and  flexi¬ 
ble  as  safety  would  permit,  to  allow  for  some  give  in  the  structure 
in  order  to  make  provision  for  the  irregularity  of  the  track.  The 
total  height  of  the  traveler  was  about  110  feet,  which  makes  its 
top  about  210  feet  above  river  bottom  or  about  170  feet  above 
low  water  line.  It  was  about  16  feet  wide  center  to  center  of 
trucks  at  the  bottom  and  81  feet  wide  on  top.  The  platform  on 
top  was  supported  by  ten  longitudinal  lines  of  20"  I-beams,  64 
pounds  per  foot,  and  a  sufficient  number  of  loose  cross-beams  of 
suitable  strength  were  provided  to  carry  the  steel  work  during 
erection.  It  enabled  the  simultaneous  hoisting  of  two  end  posts 
of  a  total  weight  of  about  96  tons,  while  the  other  members  ad¬ 
joining  this  were  held  in  position.  The  total  weight  of  the 
traveler  without  trucks  was  292,000  pounds. 

Let  me  give  you  a  few  figures  covering  the  weight  of  the  steel 

The  Jersey  approach  of  324  feet  length . 574,000  pounds. 

The  Pennsylvania  approach  of  2,124  feet  length . 3,831,000 

4,405,000  “ 

Three  fixed  spans,  4,182,000  pounds  each . 12,546,000 

The  draw-span  with  riveted  work .  1,505,000  pounds. 

Machinery .  356,000 

1,861,000  “  1,861,000 

^18,812,000 
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DISCUSSION. 

James  Christie. — A  notable  feature  of  this  bridge  was  the 
brief  period  that  elapsed  during  its  construction,  and  this  serves 
to  illustrate  the  rapid  methods  of  handling  material,  that 
have  become  usual  during  latter  years.  The  length  of  spans 
was  not  remarkable,  as  longer  spans  have  been  erected  in  this 
country,  but  the  magnitude  of  many  individual  parts  was 
unusual.  For  example,  the  end  posts,  weighing  nearly  fifty  tons 
each,  were  finished  and  handled  in  units.  Eye-bars,  12x2$ 
inches,  and  50  feet  long,  weighing  5,500  pounds  each,  were  pro¬ 
duced  from  steel  blooms  12  inches  square  and  12  feet  long. 
There  were  several  novel  details,  which  Mr.Wolfel  has  described. 
I  would  commend  the  method  of  bracing  the  webs  of  posts  and 
top  chords  to  prevent  distortion  of  section  in  handling.  This 
preserved  the  alignment  of  pin-holes,  and  saved  much  trouble  in 
the  insertion  of  the  large  pins,  a  frequent  cause  of  serious  delay. 
Placing  an  initial  bend  in  the  end  post  by  shortening  the  first 
panel  of  the  lower  chord,  was  a  good  conception.  The  proper 
thing  to  do  in  all  structures,  is  to  arrange  for  the  component 
members  to  be  in  the  best  position  to  resist  strain,  when  the 
deflection  due  to  maximum  load  has  occurred.  I  well  remember 
in  the  early  days  of  iron  bridge  building,  the  trouble  that  was 
sometimes  taken  to  bevel  the  joints  of  top  chords,  to  allow  for  the 
camber.  This  was  all  wrong,  the  joints  should  have  been 
square,  and  the  joint  would  then  be  in  the  best  shape  to  receive 
maximum  compression,  when  the  camber  disappeared.  The 
substructure  of  this  bridge  would  form  a  subject  for  a  very  inter¬ 
esting  paper.  Probably  the  President  could  bring  forward  some¬ 
thing  relating  to  the  foundations. 

Jos.  T.  Richards. —  l  believe  it  is  the  intention  to  have  a  paper 
read  before  this  Club,  giving  an  account  of  the  masonry.  It  was 
sunk  down  70  feet  below  water,  if  1  remember  correctly,  and  the 
work  was  accomplished  in  a  remarkably  short  time.  1  have  a 
memorandum  here  that  states  orders  were  given  to  go  ahead  with 
this  masonry  on  January  15,  1800,  and  the  last  stone  was  laid  on 
November  1,  1800.  Much  bad  weather  occurred  during  that 
time.  The  flooding  of  the  piers  in  position,  storms  and  heavy 
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tides  were  experienced.  The  time  would  have  been  shorter  if 
there  had  been  constant  good  weather.  Twenty  thousand  cubic 
yards  of  granite  masonry  were  laid,  and  some  of  the  coping  stones 
weighed  22  tons.  Both  speed  and  economy  are  in  evidence.  1 
hope  we  shall  later  have  a  paper  on  the  masonry. 

Edgar  Marburg. — There  is  one  feature  to  which  I  would  like 
to  call  attention,  and  that  is  the  pin-bearings  of  the  top  chord. 
The  usual  practice  is  to  provide  butt-joints,  that  is,  planed  bear¬ 
ings,  between  adjoining  chord  members.  To  make  full  pin 
joints,  as  in  this  instance,  means  much  additional  material  and 
workmanship.  To  what  extent  that  is  warranted  is  open  to 
debate.  The  prevailing  practice  is  to  rely  on  butt-joints  through¬ 
out  the  top  chord,  except  at  the  hip  joint.  I  would  like  to  ask 
also  whether  observations  have  been  made  as  to  the  deflection  of 
the  truss  as  a  whole ;  if  so,  how  closely  it  agreed  with  the  calcu¬ 
lated  deflection,  and  whether  at  the  same  time  any  delicate  obser¬ 
vations  were  made  on  the  opening  of  the  top  chord  joints  to  see 
whether  an}7  movement  took  place  at  these  points,  or  whether 
this  local  movement  was  too  minute  to  be  noticeable. 

Mr.  Wolfel. — They  had  this  checked  very  closely,  and  the 
deflections  came  out  practically  identical  with  the  calculations, 
about  yg  inch.  To  the  second  question,  I  was  myself  against 
those  pin  joints,  and  they  bothered  us,  but  it  was  insisted  on. 
There  is  no  possibility  of  the  chords  moving  around  the  pins 
when  loaded,  but  it  is  an  excellent  thing  to  have  pin  joints,  as 
they  do  away  with  all  secondary  strains  caused  by  possible  inac¬ 
curate  workmanship  in  the  forming  of  chords.  We  do  away  with 
all  bad  effects  of  inaccurate  workmanship.  No  observation  was 
made  as  far  as  the  movement  goes. 

F.  Schumann.  —  The  time  of  erection  of  that  bridge  was 
wonderful.  It  is  hard  to  realize  that  such  a  thing  could  be 
erected  in  so  short  a  time.  We  can  realize  what  elaborate 
arrangement  must  have  been  made  to  make  it  possible.  I 
would  like  to  know  the  deflection  of  those  friction-disks,  and  also 
if  pilots  were  used  in  inserting  the  pins. 

Mr.  Wolfel. — About  5,500  pounds  to  the  square  inch. 
When  those  disks  are  made  they  have  to  be**  ground  together, 
and  great  care  should  be  taken  that  they  have  a  little  more 
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bearing  in  the  middle.  We  once  built  two  draws  on  Long  Island, 
and  one  turned  round  very  easy,  but  the  other  would  hardly 
turn  at  all.  It  was  decided  that  the  trouble  must  be  with  the 
disks.  The  disks  actually  wore  on  the  outside  and  wedged  them¬ 
selves  tight.  There  is  special  care  now  taken  that  the  disks  bear 
slightly  more  in  the  middle  than  on  the  outside.  Pilots  were 
used  in  inserting  the  pins.  Some  were  made  of  soft  and  some  of 
medium  steel.  All  the  members  taking  actual  strain  in  the  main 
trusses  were  made  of  medium  steel.  Lattice  bars,  etc.,  laterals 
and  flooring  were  made  of  soft  steel. 
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IX. 


DISCUSSION  ON  MODERN  HIGH  OFFICE-BUILDINGS. 

May  15,  1897. 

The  discussion  was  opened  by  Mr.  James  Christie,  who  re¬ 
regretted  the  absence  of  several  other  members  who  were  ex¬ 
pected  to  take  part. 

The  subject  is  understood  to  mean  buildings  in  which  the 
construction  is  essentially  metallic,  overlaid  with  other  mate¬ 
rials.  The  modern  office-building  has  gone  through  a  state  of 
evolution,  and  reached  the  condition  of  “  definite  coherent  heter¬ 
ogeneity.”  In  discussing  the  subject,  all  parts  of  the  building, 
from  the  foundation  to  the  roof,  should  be  considered,  including 
the  elevators,  heating,  lighting,  etc.  Regarding  foundations,  the 
nature  of  the  soil  is  very  important,  and  different  methods  of 
treatment  are  necessary  to  adapt  it  to  the  load  to  be  supported. 
Building  laws  should  not  only  provide  for  the  load  to  be  sup¬ 
ported  in  different  soils,  but  should  also  consider  the  sub-soil. 
Soil  of  variable  character  should  be  made  uniform,  to  secure 
equal  settlement. 

In  the  superstructure,  the  first  element  to  be  considered  is 
the  metallic  column  which  carries  the  other  parts.  The  columns 
should  be  of  malleable  metal  to  support  the  bending  strains, 
which  are  not  always  capable  of  structural  analysis,  as  they  come 
from  many  different  causes.  The  strength  of  columns  is  threat¬ 
ened  by  the  liability  to  corrosion,  which  is  not  very  ^reat  on  the 
interior,  but  becomes  quite  important  just  inside  of  the  casing 
walls.  The  columns  should  always  be  treated  to  prevent  this 
danger,  and  probably  the  best  way  would  be  to  enclose  them  and 
to  fill  the  inside  with  concrete.  .  Component  parts  should  be  rig¬ 
idly  fastened,  so  that  strains  may  be  evenly  distributed. 

Floors  should  be  of  fireproof  construction,  and  for  this  purpose 
brick  arches  of  short  spans  have  been  superseded  by  lighter 
hollow  tiles  of  longer  span.  Several  ingenious  systems  are  exten¬ 
sively  used,  in  which  metallic  webbing  is  incorporated  in  cement 
concrete,  acting  as  an  auxiliary  to  the  latter. 
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The  roof  is  probably  next  important  to  the  foundations,  for  it 
serves  not  only  as  a  cover,  but  as  an  essential  to  the  bracing  of 
the  building.  The  partitions  in  most  buildings  are  dependent 
upon  the  openings  required  for  windows  and  doors,  but  if  well 
planned,  they  can  become  important  braces,  and  should  gener¬ 
ally  be  of  a  cellular  web  construction.  The  curtain,  or  outside 
wall,  is  carried  bv  each  door  as  a  veneer  over  the  iron  work,  but 
it  should  be  strong  enough  to  effectively  aid  in  resisting  lateral 
vibration.  The  inside  work  (including  lighting,  heating  and 
ventilation)  is  passed  over  as  being  common  to  all  large  build¬ 
ings.  The  elevator  has  grown  with  the  modern  office-building, 
of  which  it  is  a  necessary  feature  ;  it  should  be  quick,  strong  and 
guarded  against  accident,  by  the  best  safety-devices. 

Joseph  T.  Richards. — The  foundations  of  Broad-Street  Station 
were  criticised  as  being  necessarily  broad  and  heavy,  but  they 
have  resulted  in  supporting  that  large  building  without  any 
settlement.  In  the  inspection  of  stone-arch  bridges  of  the  Penn¬ 
sylvania  Railroad,  I  find  that  if  the  pier  and  abutment  founda¬ 
tions  are  on  rock,  the  arch  is  very  durable.  Many  old  arches, 
made  of  rubble  masonry  but  with  rock  foundations,  are  still  in¬ 
tact,  while  with  foundations  not  on  rock,  though  they  may  be  of 
the  best  cut  stone,  carefully  laid,  there  has  often  been  settlement, 
and  sometimes  a  failure  of  the  arch.  (Mr.  Richards  then  de¬ 
scribed,  with  the  aid  of  a  blackboard  sketch,  the  usual  founda¬ 
tions  for  plate-girder  railroad  bridges,  crossing  streets  in  cities). 

Mr.  Christie. — A  few  years  ago,  the  New  York  Central  Rail¬ 
road  found  a  weakness  in  the  masonry  of  some  iron  bridges,  due 
to  the  concussion  of  trains.  The  matter  was  remedied,  in  some 
cases,  by  constructing  heavy  floors  for  the  bridges,  which  acted  as 
an  anvil  between  trains  and  masonry. 

Arthur  Falkenau. — In  the  foundations  for  modern  office- 
buildings,  the  requirements  are  peculiar,  on  account  of  the 
smallness  of  the  base,  in  proportion  to  the  height  of  the  structure. 
With  a  great  load  on  a  small  area,  every  precaution  must  be 
taken  to  secure  a  sound  foundation,  and  to  have  the  walls  plumb. 
In  one  instance,  a  building,  twenty-six  stories  high,  is  entirely 
supported  on  jackscrews,  by  which  any  settlement  in  the  founda¬ 
tion  can  be  compensated. 
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In  some  parts  of  New  York  City,  bed-rock  lies  a  considerable 
distance  below  water-line.  To  reach  bed-rock  in  such  cases,  cais¬ 
sons  have  been  sunk.  Difficulty  has  been  frequently  encountered 
in  digging  for  foundations,  when  adjoining  buildings  were  un¬ 
derpinned  with  needles  in  the  ordinary  manner.  The  super¬ 
incumbent  weight  of  the  buildings  caused  the  soil  to  flow  from 
under  them  into  the  excavation.  In  one  instance,  the  attempt 
to  attain  the  required  depth  had  to  be  abandoned,  as  the  soil  rose 
almost  as  fast  as  it  was  excavated,  and  to  prevent  serious  dan¬ 
ger  to  the  adjoining  building,  the  floor  of  the  excavation  was 
rapidly  and  heavily  cemented  over.  A  comparatively  new 
method',  which  avoids  this  danger  and  has  been  successfully  ap¬ 
plied  in  New  York,  is  the  underpinning  of  walls  before  any  exca¬ 
vation  is  made  by  driving  piles  of  iron  pipe  to  bed-rock.  These 
are  sunk  in  short  sections,  screwed  together,  and  then  filled  with 
cement,  thus  forming  columns,  on  which  the  wall  rests.  Thus 
the  support  of  the  wall  is  entirely  independent  of  the  surround¬ 
ing  soil,  which  is  not  the  case  with  ordinary  underpinning. 

Mr.  Richards. — I  recall  a  case  in  our  practice,  in  which  rock 
foundations  could  not  be  had  short  of  one  hundred  feet  below 
the  surface  of  the  ground,  wooden  piles  were  driven  to  an  inter¬ 
mediate  stratum  of  about  four  feet  of  sand.  They  were  then  cut 
off  four  feet  below  surface,  capped  with  timbers  and  brick  build¬ 
ings  erected  thereon,  which  have  stood  remarkably  well.  The 
sand  strata  was  about  fifteen  to  sixteen  feet  under  the  surface  of 
the  ground. 

T.  H.  Mueller. — I  have  found  that  the  water  under  ash-filled 
ground  is  generally  decidedly  alkaline,  and  while  old  'timbers 
which  evidently  had  been  in  the  ground  for  a  long  time  when 
the  excavations  were  made  were  very  hard,  I  would  like  to  know 
whether  any  member  has  experience  with  yellow  pine  piles  under 
such  circumstances.  I  suspect  it  would  be  harmful  to  metal  con¬ 
struction,  while  it  may  improve  some  wood. 

COMMUNICATED  DISCUSSION. 

Wm.  Copeland  Furber. — An  important  aiTd  interesting  detail 
in  the  design  of  an  office-building,  which  is  sometimes  overlooked 
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and  frequently  given  but  secondary  consideration  at  the  hands  of 
the  designer,  is  that  of  cost,  or,  more  accurately  speaking,  eco¬ 
nomic  cost.  The  economical  construction  of  an  office-building  is 
one  that  concerns  the  tenant  almost  if  not  as  much  as  the  owner. 
The  tenant  pays  interest,  in  the  form  of  rent,  on  the  money  in¬ 
vested  in  the  structure,  and  therefore  true  economv  in  construe- 
tion  is  a  matter  of  great  importance  to  him. 

By  economy  is  meant  the  useful  adoption  of  means  to  an  end ; 
the  correct  design  and  construction  of  the  frame  work,  with  care¬ 
ful  regard  to  its  strength  and  durability ;  the  preservation  of*the 
skeleton  from  decay,  by  use  of  the  best  known  methods,  avoiding 
reliance  on  paint  and  similar  perishable  materials  or  covering ; 
the  selection  of  suitable  materials  properly  proportioned  for  walls 
and  foundations  ;  the  use  of  materials  only  which  best  retain 
their  usefulness  and  appearance  under  ordinary  wear,  and  which 
admit  of  refinishing  or  repair  to  their  former  condition  with  the 
least  expense  ;  the  avoidance  of  extravagance  and  useless  expense 
in  finishing,  and  the  correct  design  of  the  mechanical  installa¬ 
tion  with  regard  to  economical  operation  and  subsequent  main¬ 
tenance. 

Some  designers  of  buildings  permit  or  allow  a  building  to  cost 
just  as  much  as  the  owner  is  willing  to  spend,  overlooking  and 
ignoring  the  fact  that  for  all  useless  and  unjustifiable  expendi¬ 
tures  he  is  laying  the  burden  upon  his  client  and  the  tenants, 
who  are  compelled  to  pay  interest  for  no  useful  purpose,  seem¬ 
ingly  failing  to  realize  that  such  methods  are  against  public 
policy,  and  that  all  money  or  labor  uselessly  spent  impoverishes 
the  community  to  just  that  extent. 

As  the  office  building  occupies  a  semi-public  function,  its 
design  and  operation  is  therefore  a  matter  of  public  interest. 

Many  of  the  New  York  and  Chicago  office-buildings  are  designed 
with  little  thought  to  the  economic  commercial  cost,  and  the 
money  invested  in  them,  over  and  above  their  economic  cost, 
can  be  justified  from  no  rational  standpoint. 

The  limit  of  cost  permissible  for  any  structure  of  a  commercial 
public  nature,  can  be  readily  obtained  by  considering  the  factors 
of  permissible  cost  of  site,  permissible  cost  of  building  versus 
the  mininum  rent  which  can  be  expected  or  demanded  for  satis- 
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factory  service  based  on  the  economic  value  of  the  service  ren¬ 
dered,  less  the  cost  of  operation  and  maintenance. 

The  value  of  the  rent  to  be  obtained  is  governed  like  all  other 
commodities  by  the  cost  of  furnishing  the  service  and  a  fair 
interest  on  the  cost  of  the  investment,  etc. 

Buildings  in  which  the  investment  is  too  great  or  out  of  pro¬ 
portion  to  the  service  rendered,  are  the  first  to  feel  the  readjust¬ 
ments  which  are  always  taking  place,  owing  to  the  shifting  centers 
of  business  activity,  convenience  or  desirability  of  location,  cost 
of  service,  etc.,  so  that  money  needlessly  or  extravagantly  expended 
in  such  structures  is  withdrawn  for  use  and  practically  wasted, 
as  it  cannot  be  adapted  to  other  useful  purposes  or  employed  in 
profitable  enterprise  and  is  therefore  a  public  wrong. 

The  conscientious  designer  should  bear  in  mind  that  all  inter¬ 
ests  are  best  served,  and  that  he  is  rendering  the  most  valuable 
assistance  to  his  client  and  the  community,  when  he  seeks  to 
preserve  in  his  work  a  proper  balance  between  the  commercial 
requirements  and  the  artistic  possibilities. 
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THE  BERTRAND-THIEL  MODIFICATION  OF  THE  OPEN- 

HEARTH  PROCESS. 

By  J.  S.  Robeson,  Active  Member. 

Read  June  5,  1897. 


I  have  always  felt  that  the  man  who  offered  an  apology  before 
reading  a  paper  was  very  like  the  man  who  hesitated — he  was 
lost.  Lost  or  not,  however,  I  feel  I  must  say  that  entirely  through 
my  own  fault  I  failed  to  notify  the  committee  of  the  possible 
length  of  this  paper  and,  as  a  consequence,  I  have  the  honor  of 
dividing  the  evening  with  Mr.  Codman.  For  this  reason  my 
remarks  will  be  as  brief  as  possible,  and  I  will  touch  but  lightly 
on  certain  theoretical  points  which  could  easily  be  greatly  elab¬ 
orated. 

This  modification  of  the  ordinary  open-hearth  process  has 
already  been  very  ably  described  by  Mr.  Joseph  Hartshorne,  with 
special  reference  to  the  commercial  results,  in  a  paper  read  before 
the  American  Institute  of  Mining  Engineers,  at  the  Colorado 
Meeting  in  September,  1896.  It  has  also  been  described,  with 
much  detail  as  to  theory  and  possible  theoretical  results,  at  the 
Middlesborough  Meeting  of  the  Cleveland  Institution  of  Engineers 
by  Mr.  Percy  C.  Gilchrist.  Mr.  Ernst  Bertrand,  one  of  the  inven¬ 
tors,  submitted  some  further  notes  on  the  process  at  the  last 
meeting  of  the  Iron  and  Steel  Institute,  and  Mr.  Otto  Thiel,  the 
other  inventor,  has  presented  quite  a  complete  study  of  it  before 
the  “  Verein  Deutscher  Eisenhiittenleute,”  which  was  published 
in  Stahl  und  Risen  of  May  15,  1897. 

The  very  remarkable  results  that  are  being  obtained  by  this 
process,  together  with  the  interest  aroused  among  the  steel  mak¬ 
ers  of  Europe  and  this  country  by  the  above  papers  and  the  dis¬ 
cussions  of  them,  has  led  me  to  believe  that  a  general  description 
of  the  method,  together  with  some  detailed  facts  in  connection 
with  it,  would  prove  of  interest  to  the  many  users  of  steel  con¬ 
nected  with  this  association. 

Messrs.  Bertrand  and  Thiel  were  connected  with  the  works  of 
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the  “  Prager  Eisenindustrie-Gesellschaft,”  where  this  process  was 
developed,  as  General  Manager  and  Superintendent  of  Steel-Works 
respectively.  The  plant  is  situated  at  Kladno,  near  Prague,  in  Bo¬ 
hemia,  where  the  process  is  now  in  daily  operation.  This  plant 
has  been  noted  for  a  number  of  years  for  the  very  high  grade  of 
steel  produced  there  by  the  basic  Bessemer  process.  It  has  also 
been  marked  by  close  observers  for  the  many  advances  in  small 
details  of  practice,  from  the  mining  of  the  ore  and  coal  to  the  roll¬ 
ing  of  the  finished  material. 

The  company  owns  and  operates  coal  and  iron  ore  mines,  lime¬ 
stone  quarries,  a  basic  Bessemer  and  an  open-hearth  plant, 
finishing  mills  for  rails,  plates,  shapes,  rods,  etc.,  together  with 
all  the  necessary  adjuncts  of  such  a  plant.  The  poor  coal  avail¬ 
able  in  this  locality,  together  wuth  other  reasons,  rendered  it 
advisable  to  adopt  other  means  than  the  cupola  for  melting 
the  iron  to  be  used  in  the  converters,  and  open-hearth  Siemens 
furnaces  were  installed  for  this  purpose.  They  w^ere  of  from  10 
to  12  tons  capacity  and  were  placed  upon  a  higher  level  than 
the  converters,  so  that  the  iron  might  run  down  into  the  latter 
through  a  trough. 

As  the  production  and  demand  for  open-hearth  steel  increased 
it  was  but  natural  that  one  of  these  melting  furnaces  should  be 
used  for  making  steel. 

This  was  done  and  such  steel  was  successfully  made  and  cast 
from  the  ladle  on  the  locomotive  crane  used  for  the  Bessemer,  even 
though  it  had  to  be  run  through  a  trough  90  feet  long. 

Owing  to  the  increasing  demand  for  open-hearth  steel,  an  ad¬ 
ditional  furnace  of  larger  capacity  (20  to  22  tons)  was  built,  and 
this,  of  course,  was  placed  quite  close  to  the  track,  so  as  to  do 
away  with  the  long  trough.  Thus  there  was  one  furnace,  of  10 
to  12  tons  capacity,  on  a  higher  level  and  behind  a  furnace  of  say 
20  to  22  tons  capacity. 

Some  time  during  the  fall  of  1895,  it  became  necessary  to  cut 
down  the  bottom  of  the  smaller  upper  furnace,  now  known 
as  the  primary  furnace,  and  it  was  accordingly  charged  with 
gray  (i.  e.,  siliceous)  phosphoric  pig-iron.  When  this  was 
melted  and  in  a  fit  condition  to  tap,  though  not  finished 
steel,  some  samples  were  taken  of  the  metal  and  analyzed. 
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The  results  were  such  that  much  discussion  was  aroused  as  to 
whether  it  would  not  be  advisable  to  divide  the  initial  charge  of 
pig-iron  and  scrap  into  parts,  putting  the  more  impure  material 
( i .  e.,  the  pig-iron)  with  the  proper  proportion  of  limestone  ami 
ore  into  the  upper  furnace,  and  the  purer  material  (i.  e  ,the  scrap), 
with  just  a  sufficient  amount  of  limestone  to  form  slag,  into  the 
lower  or  secondary  furnace  and  then,  when  both  were  molten,  to 
run  the  metal  from  the  upper  into  the  lower  furnace,  while  hold¬ 
ing  back  the  dirty,  impure  slag.  This  was  tried  and  most  remark¬ 
able  results  were  obtained. 

Using  Mr.  Bertrand’s  own  words,  the  process  may  be  briefly 
described  as  being  “based  upon  the  principle  of  dividing  the 
work  heretofore  done  in  one  furnace  alone  between  two  or  even¬ 
tually  three  furnaces,  and  of  perfectly  separating  the  resulting 
phosphoric  and  siliceous  slags  from  the  metal  as  it  passes  from 
one  furnace  to  the  other,”  and  again  the  heats  absorbed 

considerably  more  time  towards  the  finishing  of  the  heat  (when 
only  one  furnace  was  used)  owing  to  the  necessity  of  adding  much 
more  lime  for  the  neutralization  of  the  resulting  more  phosphoric 
and  siliceous  slags,  as  it  took  some  time  to  free  the  metal  effec¬ 
tually  from  the  phosphorus.” 

This  fact  appealed  probably  much  more  strongly  to  Messrs. 
Bertrand  and  Thiel,  at  the  time  when  they  began  to  use  this 
process,  than  it  would  have  done  to  our  makers  of  basic  open- 
hearth  steel,  because  in  Austria  they  were  compelled  to  use  a 
pig-iron  higher  in  phosphorus  than  the  metal  used  here. 

Very  many  tons  of  so-called  basic  open-hearth  steel  have  been 
made  in  this  country,  when  the  operator  simply  melted  pig-iron 
and  scrap,  both  within  or  very  close  to  the  Bessemer  limit  in 
phosphorus,  on  a  hearth  composed  of  a  basic  material.  Under 
these  circumstances  the  slag  was  never  impure,  there  was  never 
very  much  of  it,  and  it  was  impossible  not  to  eliminate  the  phos¬ 
phorus. 

Pig-iron  containing  0.5  per  cent,  and  over  of  phosphorus  is 
in  some  districts  much  cheaper  than  that  which  is  within  the 
Bessemer  limit  of  0.10  of  a  per  cent,  and  is  everywhere  more 
plentiful,  I  think;  and  scrap  of  a  varying  and  unknown  content 
of  phosphorus  is  certainly  more  cheaply  and  easily  obtained,  so 
that  to-day  the  steel  maker  who  wishes  to  find  a  market  must 
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seek  and  use  not  only  the  cheapest  material  but  the  best  method 
of  manufacture. 

To  both  of  these  points  the  Bertrand  and  Thiel  process  lays 
claim. 

On  the  score  of  cheapness,  the  cost  of  the  metals  just  referred 
to  comes  in,  but  this  is  not  inherent  to  the  process,  since  these 
same  metals  can  be  used  on  the  ordinary  basic  open  hearth,  but 
when  they  are  so  used,  as  they  must  be  to-day,  the  advantages 
of  the  following  points  are  more  marked  than  when  the  higher- 
priced  low  phosphorus  mixture,  employed  by  many  heretofore, 
is  considered. 

In  1S9G,  Mr.  Hartshorne  showed  that  with  a  mixture  of  about 
40  per  cent,  of  pig-iron,  containing  2.5  per  cent,  of  phosphorus, 
and  of  about  60  per  cent,  of  ordinary  steel-scrap,  these  two  furnaces 
at  Kladno  were  making  from  five  to  six  heats  of  22  tons  of  metal 
charged  in  twenty-four  hours,  or  say  110  to  132  tons.  If  these 
furnaces  had  been  run  separately,  in  the  usual  manner,  with' a 
similar  mixture,  they  certainly  would  not  have  made  over  two  and 
a  half  heats  each  in  the  twenty-four  hours,  or  say  80  tons.  This 
shows  a  minimum  gain  of  30  tons,  or  37.5  per  cent.  Later,  in  1896, 
Mr.  Bertrand  in  a  personal  communication  says  that  he  is  making 
from  29  to  30  heats  per  week,  or  five  per  day,  with  a  mixture 
containing  over  60  per  cent,  of  pig-iron.  (Average  product  —  100 
tons  per  day.) 

With  such  a  proportion  of  pig-iron  these  furnaces  working  in 
the  ordinary  manner  could  certainly  not  make  over  two  heats  in 
twenty-four  hours,  or  60  tons,  and  here  we  have  a  minimum  gain 
of  66  per  cent. 

Mr.  Gilchrist,  in  his  experimental  heats  with  the  process,  was 
aiming  to  find  out  whether  it  could  be  worked  to  advantage 
when  using  100  or  nearly  100  per  cent,  of  highly  siliceous  and 
phosphoric  pig-iron.  Though  his  results  were  most  satisfactory, 
still  they  did  not  show  any  such  marked  speed  as  that  shown 
above.  Mr.  Bertrand  thought  that  this  was  probably  caused  by 
the  inexperience  of  the  workmen  with  such  pig-irons  and  mix¬ 
tures.  This  seemed  quite  probable  and  has  since  been  proven 
true,  since,  under  date  of  May  12th,  he  sends  -the  following  data 
of  several  heats  made  for  and  in  the  presence  of  an  English  iron¬ 
master. 
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*  The  analysis  of  the  metal  going  into  the  finishing  furnace  shows  high  carbon,  thereby 
explaining  why  this  heat  lasted  so  long  in  the  finishing  furnace.  Had  nn>re  ore  been  added  in  the 
primary,  the  heat  would  have  been  finished  much  quicker. 


These  heats  show  an  average  of  less  than  five  hours  eacli  in 
the  primary  furnace  or  four  heats  in  twenty-four  hours,  and  in 
the  secondary  furnace  of  two  hours  each.  This  shows  at  once 
that  the  secondary  furnace,  even  without  excepting  heat  71  ”>,  as 
explained  in  the  note,  could  handle  the  output  of  two  primary 
furnaces,  or  eight  heats  equal  to  06  tons  in  twenty-four  hours. 

If  two  furnaces  like  the  primary  and  one  like  the  secondary 
were  run  independently,  we  could  not  expect  more  than  two 
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heats  each  twenty-four  hours  from  each  furnace,  or  a  total  of  80 
tons.  If  run  on  the  Bertrand-Thiel  process  they  would  yield  96 
tons,  a  gain  of  20  per  cent,  in  output  even  when  using  from  60  to 
100  per  cent,  of  highly  phosphoretic  pig-iron. 

It  must  be  plainly  evident  to  the  most  superficial  observer  that 
such  an  increase  of  production  per  furnace,  as  has  been  shown, 
would  result  in  a  decrease  in  ever}7  item  on  the  cost- sheets,  and 
an  examination  of  the  details  of  the  Kladno  results  confirms  and 
explains  this  at  once. 

Any  discussion  of  the  coal  used  for  heating,  steam  or  melting 
purposes  would  be  out  of  place,  since  the  ordinary  result  of  an 
increase  of  product  per  day  in  any  of  the  usual  type  of  furnaces 
will,  perforce,  result  in  such  a  decrease. 

The  decrease  in  the  consumption  of  limestone,  according  to 
Mr.  Hartshorne’s  figures,  which  by  the  way  are  compiled  from 
the  original  cost-sheets  of  this  plant,  is  52.68  per  cent. 

This  results  from  the  fact  that  the  limestone  added  is  brought 
into  direct  and  close  contact,  on  account  of  the  comparatively 
small  bulk  of  metals  present,  with  the  impurities  which  it  is 
designed  to  remove  and  that  consequently  none  of  it  is  wasted  on 
account  of  being  unable  to  reach  these  impurities,  owing  to  the 
thickness  of  the  slag. 

Besides  the  actual  saving  of  money  from  thus  using  less  lime¬ 
stone,  the  fact  that  less  is  used  shows  at  once  that  a  smaller  bulk 
of  slag  is  produced,  hence  less  fuel  and  time  has  been  required 
for  its  fusion.  Again,  the  loss  of  metal  will  be  less,  both  because 
of  the  increased  speed  of  operation  and  the  smaller  bulk  of  slag 
present. 

This  proportionate  increase  in  output  also  decreases  the  con¬ 
sumption  of  magnesite  or  dolomite  necessary  for  repairing  the 
hearth,  and  thus  the  time  required  for  so  doing,  and  also  in¬ 
creases  the  life  of  the  roof,  ports  and  walls  of  the  furnace. 

These  two  results  are  obtained  for  exactly  the  same  cause. 
The  output  being  thus  increased  means  simply  that  the  heats 
remain  a  shorter  time  in  the  furnaces,  and  as  the  molten  metal 
in  the  primary  furnace  is  never  maintained  for  any  length  of 
time  at  the  high  temperature  required  for  soft  steel  (its  composi¬ 
tion  when  tapped  being  about  1  per  cent.  C  and  0.5  per  cent.  P, 
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it  follows  that  this  furnace  is  subjected  to  very  much  less  wear 
and  tear.  The  secondary,  or  lower  furnace,  has  to  withstand  the 
high  temperature  for  the  finishing  of  the  steel,  but  as  the  metal 
is  maintained  at  these  high  temperatures  for  a  much  shorter  time 
than  in  the  ordinary  practice,  the  wear  and  tear  is  here  also 
reduced  proportionately. 

The  saving  in  basic  refractories  according  to  the  Kladno  cost- 
sheets,  as  given  by  Mr.  Hartshorne,  is  57.1  per  cent,  and  in  the 
acid  refractories  47  per  cent. 

Now  these  results  are  just  such  as  can  be  obtained  when  work¬ 
ing  under  the  practice  most  commonly  known  in  this  country, 
i.  e.,  using  from  50  to  60  per  cent,  of  scrap  and  from  40  to  50  per 
cent,  of  pig-iron,  but,  Mr.  Bertrand,  over  two  years  ago  said, 
“  Still  the  greatest  advantage  of  this  new  method  of  working  lies 
no  doubt  in  the  possibility  of  working  with  almost  any  kind  of 
pig-iron  that  may  be  had  cheaply,  no  matter  if  it  be  high  or  low 
in  phosphorus,  or  if  it  contains  more  or  less  silicon." 

The  profit  of  the  process  lies,  as  you  know,  not  only  in  the 
possibility  of  reducing  the  cost  of  manufacturing  by  saving  lining, 
fluxes,  fuel,  etc.,  and  increasing  the  output,  but  also,  and  often  to 
a  greater  extent,  in  the  possibility  of  dealing  with  almost  any 
kind  of  pig-iron,  i.  e.,  in  using  such  lower-priced  materials,  and 
still  making  from  them  the  finest  qualities  of  finished  products. 

This  point  has  been  clearly  proven  by  Mr.  Gilchrist’s  series  of 
heats,  and  in  addition  he  has  brought  out  the  fact  that  the  C,  Si, 
and  P  in  the  pig-iron  act  as  reducing  agents  on  the  iron  ore, 
and  that  as  a  consequence  the  gain  of  metallic  iron  from  the  ore 
necessarily  charged  nearly  and  in  some  cases  more  than  equals 
the  natural  loss,  i.  e.,  from  the  oxidation  of  the  C,  Si,  P  and  Mn 
contained  in  the  metals  charged. 

Whether  or  not  the  cost  of  the  ore, or  the  metallic  iron  contained 
therein,  be  charged  against  the  furnace,  it  is  of  course  cheaper  to 
employ  the  reductive  power  of  these  elements  (in  order  to  gain 
the  iron  in  the  ore,  which  must  be  added  for  the  sake  of  the 
oxygen)  than  it  is  to  put  the  same  ore  through  the  blast  furnace, 
and  the  balance  from  this  reaction  unquestionably  will  always 
be  found  on  the  right  side  of  the  cost-sheet. 

Just  how  far  this  can  be  carried,  how  much  pig-iron  should  be 
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used,  and  what  percentage  of  carbon,  silicon,  and  phosphorus  it 
should  contain,  is  not  yet  clearly  determined,  and  must  always 
be  largely  a  question  of  local  conditions  as  to  the  comparative 
costs  of  scrap  and  pig-iron. 

In  England,  where  scrap  is  scarce  and  very  high,  while  silice¬ 
ous,  phosphoric  pig-iron  is  cheap,  the  advantage  of  being  able 
in  this  manner  to  work  so  rapidly  with  pig-iron  alone  is  very 
marked. 

Steel  containing  from  0.06  to  1.25  per  cent,  carbon  can  be  and 
has  been  made  with  great  regularity,  and  the  phosphorus  is 
under  as  good,  if  not  better,  control  than  in  the  ordinary  basic 
open-hearth. 

The  elimination  of  all  the  elements  is  so  very  rapid  and  the 
effect  of  introducing  the  molten  metal  free  from  slag  from  the  upper 
primary  furnace  into  the  heated  hearth  of  the  lower  secondary 
furnace  being  to  produce  a  violent  reaction,  there  follows  a  very 
complete  reduction  of  all  the  oxids,  together  with  an  elimina¬ 
tion  of  the  gases,  so  that  very  compact  and  solid  ingots  are  made, 
reducing  the  faults  and  cracks  during  the  rolling,  and  yielding 
a  very  fine  finished  product. 
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OBSERVATIONS  ON  RAIN-FALL  AND  STREAM  FLOW  IN- 

EASTERN  PENNSYLVANIA. 

By  John  E.  Codman,  Active  Member. 


Read  June  5,  1897. 

For  the  past  fourteen  years  the  Philadelphia  Bureau  of  Water, 
Department  of  Public  Works,  has  maintained  a  continuous  series 
of  rain-fall  and  stream-flow  observations  on  the  three  following 
creeks,  viz.:  the  Perkiomen,  one  of  the  main  tributaries  of  the 
Schuylkill  River;  the  Neshaminy  and  Tohickon,  tributaries  of 
the  Delaware  River.  This  paper  will  discuss,  from  these  data,  the 
quantity  of  water  available  from  a  given  watershed,  either  as  a 
source  of  water-supply  or  water-power.  The  quality  and  purity 
are  subjects  for  another  line  of  investigation. 

The  areas  of  the  watersheds  directly  under  observation  on  each 
stream  are  :  For  the  Perkiomen,  152  square  miles  ;  for  the  Nesh- 
aminy,  139.3  square  miles,  and  for  the  Tohickon,  102.2  square 
miles.  The  watersheds  of  the  three  streams  are  contiguous  to 
each  other,  and  form  a  combined  area  of  393.5  square  miles  above 
the  gauging-stations.  All  of  this  area  is  within  the  geological 
formation  known  as  the  New  Red  Sandstone. 

The  duty  of  collecting  and  recording  the  hydrographic  data 
obtained  has  been  under  my  charge  for  the  past  ten  years.  Pre¬ 
vious  to  this,  the  work  had  been  carried  on  in  connection  with 
the  surveys  for  a  future  water-supply  for  Philadelphia,  under  the 
charge  of  Rudolph  Hering. 

Complete  and  accurate  surveys  and  maps  of  the  watersheds  of 
the  Perkiomen,  Neshaminy  and  Tohickon  creeks,  showing  con¬ 
tours  every  5  feet,  roads,  wooded  and  cultivated  lands,  farm 
houses,  mills,  etc.,  were  prepared  and  published  by  the  Pennsyl¬ 
vania  Geological  Survey. 

Up  to  the  present  time  very  few  data  of  this  kind  have  been 
available  for  the  use  of  the  engineer.  The  most  complete  work 
published  by  state  authority  is  the  New  Jersey  Geological  Sur¬ 
vey,  Vol.  3,  by  C.  C.  Yermeule.  No  records  of  stream-flow  were 


180  Codman — Rain- Fall  and  Stream-Flow. 


[Proc*  Eng.  Club, 


The  ordinates  represent  differences  of  100  cubic  feet,  beginning  with,  zero  at  the  left  hand  ;  the  abscissas  represent  differences  of  0.5  feet, 

beginning  with  zero  at  the  bottom. 
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taken  by  the  Geological  Survey  of  Pennsylvania.  New  York  has 

a  series  of  about  18  vears  on  the  flow  of  the  Croton  River.  Mas- 

«/ 

sachusetts  has  a  series  of  about  22  years  on  the  flow  of  the  Sun- 
bury  River.  The  United  States  Geological  Survey  has  published 
within  the  past  year  or  more  a  large  amount  of  hydrographic 
observations,  mostly  on  western  rivers. 

The  streams  under  observation  have  a  rapid  fall  from  source 
to  outlet  and  have  made  for  themselves  moderately  deep  valleys* 
the  beds  of  which  are  filled  with  large  boulders;  the  water  attains 
a  high  velocity  in  the  spring  and  winter  freshets,  a  characteristic 
common  to  all  streams  on  the  eastern  slope  of  the  Blue  Ridge. 

The  Perkiomen,  falls,  from  its  source  to  the  gauging-stations, 
about  800  feet  in  24  miles;  the  Neshaminy,  about  600  feet  in  27 
miles,  and  the  Tohickon  about  GOO  feet  in  28  miles. 

The  gauging-station  on  the  Perkiomen  is  above  the  East 
Branch.  The  watershed  area  includes  the  West  Branch,  the 
Upper  Perkiomen  and  the  West  and  East  Swamp  Creeks.  The 
watershed  above  the  gauging-station  is  about  one-third  of  the 
total  area  drained  by  the  stream. 

The  Neshaminy  gauging-station  is  situated  a  short  distance 
below  the  junction  of  the  Big  and  Little  Neshaminy,  and  the 
watershed  above  the  gauging-station  is  about  one-half  the  total 
area  drained  by  the  stream. 

The  Tohickon  gauging-station  is  situated  about  one-eighth  of  a 
mile  above  its  junction  with  the  Delaware,  the  watershed  above 
the  gauging-station  being  nearly  all  the  total  area  drained  by 
the  stream. 

The  surface  of  the  ground  is  mostly  farm  land  under  a  high 
degree  of  cultivation.  The  original  forest  growth  has  been  almost 
entirely  cut  away  and  the  little  remaining  timber  is  found  gen¬ 
erally  on  the  banks  of  the  creeks  where  the  hillside  is  too  steep 
to  be  cultivated,  or  on  a  few  patches  of  bottom-land.  This  growth 
is  mostly  composed  of  hickory,  chestnut,  oak  and  ash  ;  even  this 
is  fast  disappearing  to  supply  the  ever-increasing  demand  for 
railroad-ties,  fence-posts  and  rails.  The  proportion  of  cultivated 
land,  woodland,  etc.,  is  as  follows :  woodland,  about  20  per  cent.  ; 
cultivated  land,  about  77.5  per  cent. ;  roads,  2  per  cent.,  and  flats 
0.5  per  cent. 
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Under  such  surface-conditions  the  streams  are  subject  to  very 
sudden  freshets.  During  heavy  rains  large  quantities  of  surface 
soil  are  swept  into  the  tributaries  and  are  carried  along  with  the 
rapidly  moving  torrent  into  the  streams  and  rivers,  to  find  a 
lodgment  in  the  harbors  and  bays  on  the  seaboard. 

Observations  on  the  amount  of  water  passing  off  from  such  a 
watershed,  to  be  of  any  value,  must  be  carried  on  for  a  number 
of  years.  The  data  also  show  that  the  average  rainfall,  or  the 
average  flow  is  of  little  value  in  determining  the  amount  of  water 
that  can  be  depended  upon  as  a  source  of  water-supply  or  water¬ 
power. 

There  can  be  no  doubt  that  the  average  rainfall  in  the  Eastern 
part  of  the  United  States  is  the  same  as  it  was  two  hundred  years 
ago. 

There  is  a  changed  condition  of  stream-flow  due  to  the  destruc¬ 
tion  of  the  forests  which  protected  the  surface  of  the  ground, 
retarded  evaporation  and  held  back  the  surface  water  for  a  longer 
period  of  time. 

The  frozen  ground  in  the  winter  months  is  without  even 
nature’s  cold  covering  of  snow  to  protect  it,  for  the  snow  is  blown 
by  the  uninterrupted  force  of  the  wind  into  great  drifts,  in  the 
valleys  and  on  the  hillsides,  there  to  remain  until  the  first  warm 
.  rain,  when  it  adds  its  melted  volume  to  that  already  passing  off 
from  the  impervious  ground,  filling  every  valley  and  water-course 
to  overflowing  with  a  surplus  of  water.  This  condition  lasts  but 
a  short  time,  and  is  followed  by  one  exactly  the  reverse.  The 
exposure  of  the  surface  soil  in  summer  to  the  full  power  of  the 
sun’s  rays  bakes  and  hardens  it,  evaporation  is  greatest,  surface 
soil  yields  up  its  moisture,  ground-water  falls  lower  and  lower, 
the  springs  dry  up,  and  the  stream  is  reduced  to  almost  nothing, 
only  a  little  rivulet  flowing  among  boulders. 

The  instruments  used  at  the  present  time  for  collecting  the 
data  are  twenty-two  ordinary  or  field  rain-gauges ;  three  auto¬ 
matic  rain-gauges,  and  three  automatic  stream-gauges. 

The  duties  of  the  observer  collecting  rainfall-data  consist  in 
recording  the  beginning  and  ending  of  the  rain,  or  snow  reduced 
to  rain,  and  the  amount  that  has  fallen  eacfi  day  at  8  p.m. 

Printed  blanks  and  pasteboard  scales,  one  for  each  observation, 
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are  furnished  by  the  Bureau.  These  are  filled  up  and  returned 
at  the  end  of  the  month. 

The  duties  of  the  observer  in  charge  of  the  automatic  stream- 
gaugeare  to  visit  the  gauge  at  least  three  times  during  the  twenty- 
four  hours,  read  the  height  of  water  on  the  gauge-board,  recording 
the  observation,  with  the  hour  of  the  day,  on  the  automatic 
gauge  roll. 

In  the  winter  a  lamp  must  be  kept  burning  in  the  float-box 
to  prevent  the  water  from  freezing. 

The  instrument  operates  in  the  following  manner  :  On  the 
surface  of  the  water  an  air-tight  copper  cylinder  is  floated,  to 
which  is  attached  a  fine  copper  wire,  passing  over  a  pulley  one 
foot  in  circumference.  This  turns  a  screw  with  a  pitch  of  one 
thread  per  inch.  This  moves  the  pencil  point  backward  or  for¬ 
ward  as  the  water  rises  or  falls.  The  paper  roll  on  which  the 
pencil  traces  a  line,  is  placed  upon  a  roller  in  the  instrument, 
attached  to  an  eight-day  clock,  which  is  used  to  unwind  and 
re-roll  the  paper.  Small  weights  are  attached  to  the  rolls  to  keep 
a  slight  tension  on  the  paper. 

The  instrument  records  the  height  of  water  automatically  on 
the  paper,  in  a  continuous  line.  These  rolls  can  be  removed 
from  the  instrument  at  anv  time,  but  are  generallv  run  from  one 
to  two  months. 

The  amount  of  water  flowing  in  the  stream  is  computed  for 
each  day,  from  this  irregular  line  traced  by  the  pencil. 

The  method  of  obtaining  the  curve  showing  the  volume  of 
stream-flow  in  cubic  feet  per  second  was  by  the  use  of  a  Francis 
weir  for  the  low  flows,  and  a  current-meter  for  the  larger  ones. 
The  volume  of  flow  in  cubic  feet  per  second,  found  either  by  weir 
or  meter,  was  plotted  upon  a  sheet  of  paper,  making  the  cubic 
feet  per  second  the  abscissas,  and  the  heights  of  water  the  ordi¬ 
nates  of  the  curve.  A  large  number  of  observations  was  taken 
in  this  way  for  each  stream,  and  the  curve  was  drawn  approxi¬ 
mately  through  these  points. 

The  highest  flood-flows  are  obtained  by  projecting  the  curve 
beyond  the  points  in  the  same  general  direction. 

It  is  impossible  to  meter  the  stream  at  times  of  high  water. 
The  rise  is  generally  very  rapid  to  the  highest  point,  and  the  fall 
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equally  as  fast.  The  high  water  of  February  6,  1896,  as  plotted 
upon  the  diagram,  shows  this  very  plainly. 

The  stream-flow  is  computed  in  cubic  feet  per  second,  and 
tabulated  in  cubic  feet  per  month,  cubic  feet  per  day  and  gallons 
per  day.  All  of  these  tables  are  published  in  the  Annual  Report 
of  the  Bureau  of  Water  each  year. 

As  rainfall  is  usually  expressed  in  inches,  depth  of  water  on 
the  surface  of  the  ground,  for  convenience  of  expression  and 
comparison  with  the  rainfall,  the  volume  of  stream-flow  is  also 
computed  in  inches  depth  of  water  on  the  watershed.  The  dif¬ 
ferences  between  inches  of  rainfall  and  inches  of  stream-flow 
show  the  amount  taken  away  by  other  causes.  The  stream-flow 
in  the  diagram  is  shown  in  inches  per  month  for  fourteen  years. 
The  table  shows  the  average  inches  of  rainfall  per  month,  also 
the  maximum  and  minimum  flow  for  each  month. 

The  forces  governing  rainfall  and  stream-flow  are  gravitation 
and  evaporation ;  evaporation  acting  continuously  to  raise  the 
moisture  above  the  earth’s  surface,  and  gravitation  acting  con¬ 
tinuously  to  bring  it  back,  either  in  the  form  of  rain,  snow  or 
dew.  Only  a  portion  of  the  water  falling  upon  the  surface  of  the 
ground  is  found  flowing  in  the  streams ;  a  portion  is  taken  up 
by  plant  life;  a  portion  runs  directly  into  the  streams;  a  portion 
sinks  into  or  is  absorbed  and  held  by  the  ground,  as  a  sponge 
holds  water,  forming  a  great  reservoir,  from  which  the  water 
drains  out  slowly. 

It  is  from  this  source  that  the  springs  and  brooks  are  supplied 
and  the  stream-flow  maintained.  Rainfall  and  stream-flow  fol¬ 
low  each  other  in  natural  order,  the  amount  and  the  rapidity  of 
the  rainfall,  its  distribution  throughout  the  year,  the  geological 
and  surface  conditions,  and  the  area  of  the  watershed  govern 
the  volume  of  the  stream-flow  and  produce  either  a  maximum 
flow  of  freshets,  or  a  minimum  flow  of  low  water. 

We  have  but  a  faint  idea  of  the  immensity  of  these  forces. 
For  instance,  we  speak  of  one  inch  of  rainfall,  an  amount  which 
has  often  fallen  in  twenty  minutes,  on  the  130  square  miles  com¬ 
prising  the  area  of  the  City  of  Philadelphia,  as  though  it  were  a 
little  thing;  yet  all  the  combined  pumping  power-of  7  turbine  water 
wheels  and  30  steam  engines  which  comprise  the  pumping  plant 
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of  the  city,  if  worked  continuously  for  one  year,  could  not  equal 
the  force  exerted  by  this  one  inch  of  rain,  falling  from  an  as¬ 
sumed  height  of  6,000  feet. 

In  computing  the  available  stream-flow  from  a  given  water¬ 
shed,  for  a  given  draft  of  water,  it  is  essential  to  ascertain  by 
rainfall  records  of  the  past  the  longest  periods  of  least  rainfall 
which  have  occurred  in  former  years  and  which  may  occur 
again  and  which  may  occur  in  succession.  Data  of  this  kind  are 
not  often  available;  little  reliance  can  be  placed  upon  the  results 
of  one  or  two  years’  observations,  but  they  are  valuable  for  com¬ 
putation  and  comparison  with  longer  observations  on  similar 
watersheds.  There  is  a  great  difference  in  the  annual  rainfall, 
and  a  still  greater  comparative  difference  in  the  annual  flow  of 
streams.* 

There  is  a  vast  difference  in  the  spring  and  summer  daily 
flow  of  these  streams.  The  months  of  January,  February  and 
March  are  usually  months  of  large  stream-flow',  while  the 
months  of  August,  September  and  October  are  months  of  least 
flow.  The  difference  seems  almost  incredible.  The  maximum 
observed  flow'  for  one  day  was  in  September,  1888,  in  round  num¬ 
bers,  22,500,000  gallons  per  day  per  square  mile  of  watershed ; 
the  minimum  observed  flow  for  one  day  wras  in  September, 
1885,  and  wras  only  21,700  gallons  per  day  per  square  mile. 

The  average  flow7  of  the  Perkiomen,  per  square  mile,  per  day, 
for  the  past  thirteen  years,  has  been  1,160,000  gallons;  of  the 
Neshaminy,  1,130,000;  of  the  Tohickon,  1,400,000;  of  the  Sud¬ 
bury,  1,050,000 ;  of  the  Croton,  1,100, 000. f  It  has  been  asserted 

*  The  average  rainfall  for  the  past  thirteen  years  at  the  22  stations  where  observa¬ 
tions  are  made  for  the  Bureau,  is  about  48.5  incdies.  The  excess  in  rainfall  of  the  years 
1888-1889  and  1890,  the  less  number  of  years  in  which  observations  have  been  taken 
makes  this  average  more  than  that  of  the  Pennsylvania  Hospital  or  the  lT.  S. 
Weather  Bureau.  Of  this  average  rainfall  nearly  50  per  cent.,  or  24.1  inches,  are 
found  flowing  in  the  stream. 

The  average  flows  per  year,  per  month,  or  per  day, as  before  asserted,  are  of  little 
value  in  determining  the  quantity  of  available  stream  flow. 

t  The  average  daily  flow  of  the  Perkiomen  is  found  to  he  177,900,000  gallons 
per  day;  of  the  Neshaminy,  157,600,000  gallons;  of  the  Tohickon,  145,800,000. 
The  maximum  flow  of  the  Perkiomen  has  been  5,305  cubic  feet  per  second,  or 
3,433,000,000  per  day,  about  equal  to  18  days’  pumpage  of  all  the  Water  Bureau’s 
plant;  and  the  minimum  flow  as  low  as  3,800,000  gallons  per  day,  or  about  25  minutes’ 
pumpage.  The  Neshaminy  has  been  observed  as  high  as  3,700,000,000  gallons  per 
day,  and  as  low  as  2,800,000  gallons  per  day.  The  Tjhickon  has  been  observed  as 
high  as  3.600,000,000  gallons  per  day  and  as  low  as  130,000  gallons  per  day,  or  about 
one  minute’s  pumpage  of  the  Water  Bureau. 
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that  a  draft  of  1,000,000  gallons  per  da}'  per  square  mile  of 
watershed  could  be  made  upon  Pennsylvania  streams.  One  of 
the  various  schemes  for  supplying  the  city  with  water  was  based 
upon  a  draft  of  920,000  gallons  per  day  per  square  mile  of 
watershed.  The  diagram  is  computed  upon  this  amount  oi 
draft  and  shows  the  amount  of  storage  per  square  mile  of 
watershed  required  to  prevent  a  failure  in  times  of  drought,  the 
beginning  of  the  draft  upon  the  storage,  the  length  of  time  the 
reservoirs  would  have  been  below  the  overflow  line,  and  the  time 
the  reservoirs  would  again  be  full. 

In  the  diagram  it  is  to  be  remembered  that  the  evaporation 
from  the  water  surface  is  not  included,  as  no  large  water  surfaces 
are  found  on  these  streams,  and  this  correction  will  still  further 
increase  the  length  of  time  of  draft  upon  the  storage. 

It  is  also  to  be  remembered  that  in  computing  for  a  water-sup¬ 
ply  the  months  of  least  flow  are  the  months  of  greatest  draft. 

The  Philadelphia  water  records  show  that  the  percentage  of 
average  consumption  per  month  is  as  follows:  January,  87 ;  Feb¬ 
ruary,  81 ;  March,  89;  April,  89;  May,  100;  June,  108;  July, 
116;  August,  116;  September,  110;  October,  108;  November, 
100 ;  December,  96. 

In  constructing  the  diagram  these  percentages  have  been  used. 

The  diagram  shows  plainly  that  a  draft  of  920,000  gallons  per 
day  per  square  mile  of  watershed  would  not  be  safe  or  even 
practicable. 

The  danger  is  still  further  increased  by  seepage,  which  cannot 
be  prevented,  and  experience  shows  that  contractors  do  not  always 
build  reservoir  dams  tight  enough  to  hold  water,  and  the  flow  by 
the  dam  cannot  always  be  controlled. 

The  diagram  also  shows  that  the  storage  capacity  for  streams 
similar  to  the  Perkiomen  and  Neshaminy  must  not  be  less  than 
200,000,000  gallons  per  square  mile  in  order  to  prevent  a  defi¬ 
ciency  in  seasons  of  drought.  This  would  require  a  storage 
capacity  of  about  144  reservoirs  of  the  size  of  Queen  Lane. 

From  observations  on  the  Sudbury  River,  Mr.  F.  P.  Stearns, 
Engineer  of  the  Boston  Metropolitan  Board  of  AVater  Supply,  in 
his  annual  report  to  the  State  Board  of  Health  for  1S90,  states 
the  following  facts  : 

“  Taking  everything  into  account  it  may  be  said  that  the 
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greatest  amount  which  can  be  made  practically  available  from 

a  square  mile  of  watershed  does  not  exceed  000,000  gallons  per 

day,  and  the  cases  are  very  rare  in  which  more  than  600,000 

.gallons  per  day  per  square  mile  can  be  made  available  when  it 

is  necessarv  to  store  the  water  in  artificial  reservoirs.’’ 

«/ 

The  same  report  shows  by  a  diagram  that  a  draft  of  000,000 
gallons  per  day  per  square  mile  would  keep  the  storage  below  the 
flow  line  for  periods  of  eight  years  at  a  time. 

Our  own  observations  agree  closely  with  these  facts,  difference 
of  latitude  and  geological  formation  making  some  slight  difference. 

The  diagram  of  storage,  with  a  draft  of  9*20,000  gallons  per  day 
per  square  mile,  shows  that  the  Perkiomen  and  Neshaminy  creeks 
would  have  been  below  the  overflow  line  from  April,  1890,  to 
April,  1895,  a  period  of  five  years.  The  condition  of  the  storage 
at  the  present  time  indicates  a  greater  draft  upon  the  storage 
than  has  ever  occurred,  since  observations  were  begun  fourteen 
years  ago ;  the  flow  of  the  Perkiomen  showing  that  it  would 
require  a  storage  of  over  200,000,000  gallons  on  the  Xeshaminy, 
a  storage  of  over  250,000,000  gallons  per  square  mile.  To  pre¬ 
vent  failure  in  1896,  this  condition  is  continued  into  1897  and 
seems  to  point  to  a  still  longer  period  before  the  storage  will  again 
be  full. .  Although  our  observations  do  not  extend  over  so  long  a 
period  of  time  as  those  on  the  Sudbury,  there  is  sufficient  data 
to  prove  the  assertion  that  a  greater  draft  than  600,000  gallons 
per  day  per  square  mile,  based  upon  artificial  storage,  can  not  be 
depended  upon  with  safety. 

The  Schuylkill  River,  with  a  watershed  of  1,800  square  miles 
above  Norristown,  could  be  depended  upon  for  a  supply  of  1,0()0,~ 
000,000  gallons  per  day,  with  an  artificial  storage  of  probably  not 
more  than  100,000,000  gallons  per  square  mile  of  watershed. 

With  the  natural  facilities  and  advantages  afforded  for  build¬ 
ing  storage  dams,  this  volume  of  water  could  be  safely  and 
cheaply  stored.  The  Schuylkill,  without  any  further  storage 
than  is  now  found  upon  it,  will  furnish  a  supply  of  at  least  225,- 
000,000  gallons  per  day.  The  Delaware,  above  the  W  ater  Gap, 
with  a  watershed  of  about  4,000  square  miles,  will  furnish  about 
two  and-a-half  times  more  in  volume  than  the  Schuylkill  and  a 
larger  daily  draft  can  be  depended  upon  without  constructing 
storage  dams. 


INCHES  OF  RAINFALL  FLOWING  IN  THE  PERICIOMEN,  NESHAMINY  AND  TOHICKON  CREEKS. 
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NOTES  AND  COMMUNICATIONS. 


THE  MISSISSIPPI  RIVER. 

At  the  meeting  of  April  3,  1897,  Mr.  John  Birkinbine  presented  the  following  on 
this  subject:  With  public  attention  drawn  to  the  Mississippi  river  by  reason  of  the 
high  water  in  the  main  stream  and  its  tributaries,  causing  immense  areas  to  be  over¬ 
flowed,  and  widespread  devastation  to  result,  it  may  be  of  interest  to  summarize  some 
features  of  the  enormous  drainage  area  of  the  ‘‘  Father  of  Waters,”  an  area  extending 
from  the  crest  of  the  Alleghenies  to  the  crest  of  the  Rocky  Mountains,  and  from  the 
Gulf  of  Mexico  to  beyond  the  Canadian  border,  omitting  a  narrow  belt  about  the 
Great  Lakes  and  the  streams  running  into  the  South  Atlantic  and  Gulf  of  Mexico. 

All,  or  practically  all,  of  fourteen  States  and  two  Territories  are  drained  by  the 
Mississippi  or  its  tributaries,  and  portions  of  fourteen  other  States  and  one  Territory 
also  contribute  to  its  flow,  a  total  of  twenty-eight  States  and  three  Territories. 

A  traveler  starting  westward  from  Philadelphia  over  our  Pennsylvania  Railroad, 
meets  the  drainage  ba^in  of  the  Mississippi  river  when  he  emerges  from  the  tunnel 
bored  through  the  crest  of  the  mountain  at  Gallitzin  and  he  would  remain  in  the 
same  basin  in  following  a  nearly  due  west  course  until  after  passing  the  cloud  city  of 
Leadville,  Col.,  at  an  elevation  of  over  10,000  feet  above  sea  level,  this  city  being  on 
the  headwaters  of  the  Arkansas  river,  which  cuts  through  the  Royal  Gorge  made 
famous  by  its  picturesque  characteristics. 

If  the  journey  took  a  more  northwesterly  course  it  might  be  continued  beyond  the 
Yellowstone  Park  and  to  Helena,  Mont.,  or  even  into  British  America,  without 
having  been  beyond  the  drainage  basin  of  the  Mississippi  river.  Bismarck,  N.  Dak.; 
Cheyenne,  Wyo.;  Denver,  Col.;  St.  Paul,  Minn.;  Madison,  Wis.;  Springfield,  Ill.; 
Indianapolis,  Ind.;  Columbus,  O.;  Charleston,  W.  Va.;  Pittsburgh,  Pa.;  Chattanooga^ 
Tenn.;  Asheville,  N.  C.,  are  all  well  within  the  watershed  of  the  Mississippi  river. 

In  an  article  in  the  Engineering  Magazine,  Mr.  James  L.  Held  Greenleaf  gives 
the  area  of  the  Mississippi  watershed  as  1,259,000  square  miles,  which  is  42  per 
cent,  of  the  total  area  of  the  United  States,  exclusive  of  Alaska,  twenty-eight  times 
the  area  of  the  State  of  Pennsylvania,  or  twelve  times  the  combined  area  of  New 
York,  Pennsylvania,  New  Jersey  and  Delaware.  He  gives  the  minimum  flow  of 
the  river  at  175,000  cubic  feet  per  second,  the  average  flow  664,000  cubic  feet,  and 
the  maximum  flow,  which  may  possibly  be  exceeded  in  the  present  emergency,  of 
1,800,000  cubic  feet  per  second.  The  flow  per  square  mile  in  cubic  feet  per  second 
being  minimum  0.139,  average  0.528,  maximum  1.43.  He  divides  the  drainage  basin 
according  to  the  prominent  tributaries  as  follows  : 

Mississippi  above  the  mouth  of  the  Missouri,  173,000  square  miles,  with  a  mean 
annual  rainfall  of  34.7  inches. 

Missouri  river,  drainage  528,000  square  miles,  rainfall  19.6  inches. 

Ohio  river,  drainage  214,000  square  miles,  rainfall  43.1  inches. 

Arkansas  river,  drainage  161,000  square  miles,  rainfall  28.3  inches. 

Red  river,  drainage  97,000  square  miles,  rainfall  38.3  inches. 

Other  tributaries,  drainage  86,000  square  miles,  rainfall  ranging  from  41.3  to 
53.3  inches. 
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He  has  also  divided  the  rainfall  into  seasons  and  given  the  total  How  and  How  in 
cubic  feet  per  second  for  each  of  the  tributaries. 

When  the  varied  climatic  conditions  of  this  great  area  are  taken  into  consideration, 
and  the  possibility  of  the  nearly  simultaneous  melting  of  snows  on  the  Alleghenies 
and  Rocky  Mountains,  in  the  swamps  of  northern  Minnesota,  and  upon  the  great 
stretch  of  prairie  land,  coupled  with  the  heavy  downpours  which  prevail  in  the  lower 
region  of  the  river  in  the  springtime,  one  need  not  be  surprised  at  the  tremendous 
volume  of  water  which  such  a  combination  of  circumstances  forces  through  the 
narrow  outlet  of  this  stream  into  the  Gulf  of  Mexico. 

When  we  remember  that  one  inch  of  rain  on  a  square  mile,  if  it  all  flows  off, 
represents  a  volume  of  2,323,200  cubic  feet,  17,377,530  gallons,  or  72,000  net  tons  of 
water,  and  consider  the  immense  surface  of  1,259,000  square  miles,  imagination 
fails  to  grasp  the  magnitude  of  the  quantities  involved.  Owing  to  the  territory 
covered,  it  may  be  seldom  that  one  inch  of  rain  would  simultaneously  fall  over  this 
great  area,  and  if  such  were  the  case  it  would  not  all  reach  the  outlet,  but  for  the  pur¬ 
pose  of  indicating  what  those  quantities  are,  a  calculation  has  been  made  which  shows 
that  an  inch  of  rain  on  the  drainage  basin  of  the  Mississippi  River  is  equivalent  to 
2,924,908,800,000  cubic  feet,  21,878,317,824,000  gallons,  or  91,403,400,000  net  tons. 

The  boundaries  of  the  eastern  watershed  range  from  2,000  to  4,000  feet  in  height, 
the  western  boundary  being  much  higher,  especially  in  the  central  and  northern  por¬ 
tion,  where  it  reaches  from  8,000  to  14,000  feet.  The  southwestern  and  southeastern 
boundary  being  low,  and  the  same  may  be  said  of  the  northern  boundary,  except  at 
the  head-waters  of  the  main  stream,  which  approximate  2,000  feet.  The  elevations 
of  some  of  the  important  points  along  the  main  river  and  its  branches  are  as  follows, 
most  of  the  heights  being  for  low  water,  above  mean  sea  level  :  Memphis,  Tenn.,  183  ; 
Cairo,  Ill.,  270 ;  St.  Louis,  Mo.,  380  ;  Rock  Island,  Ill.,  542  ;  St.  Paul,  Minn.,  683  feet. 
These  are  on  the  main  stream.  On  the  Ohio  and  its  drainage,  Cincinnati,  O.,  432  ; 
Columbus,  O.,  720  ;  Pittsburgh,  Pa.,  699  ;  Oil  City,  Pa.,  about  1,000  ;  Asheville,  N.  C., 
2,000;  while  on  the  Missouri  River  may  be  mentioned,  Kansas  City,  Mo.,  716; 
Omaha,  Neb.,  960;  Bismarck,  Dak.,  1,018  feet. 

The  normal  cross-sections  of  the  Mississippi  River  are  given  as  follows:  At  New’ 
Orleans,  480,000  feet  ;  at  Cairo,  325,000  feet;  Junction  of  the  Ohio,  260,000  feet; 
Junction  of  the  Arkansas,  56,000  feet  ;  Junction  of  the  Red  River,  52,000  feet. 
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BOOK  REVIEWS. 


The  Entropy  Temperature-Analysis  of  Steam-Engine  Efficiencies.  By 
Sidney  A.  Reeve,  M.E.,  Adjunct  Professor  of  Steam  Engineering  at  the  Worces¬ 
ter  Polytechnic  Institute.  Progressive  Age  Publishing  Company,  New  York. 

For  this  work,  Prof.  Reeve  has  prepared  an  interesting  diagram  for  a  more  thor¬ 
ough  analysis  of  heat-engine  efficiencies  than  is  usual  in  that  class  of  investigation. 

The  diagram  is  similar  to,  but  an  improvement  on,  a  diagram  prepared  by  Prof. 
Boulvin,  of  Ghent,  and  illustrated  in  Engineering  (London),  January  3,  1896. 

Credit  is  given  to  Willard  Gibbs,  of  Yale,  for  original  discovery  in  the  applica¬ 
tion  of  the  method.  It  is  exceedingly  difficult  to  define  accurately  all  that  is  im¬ 
plied  by  the  term  entropy,  nor  do  the  founders  of  the  science  of  thermodynamics 
entirely  agree  in  its  interpretation  as  applied  to  the  complex  system  of  heat-ex¬ 
changes,  which  are  continually  occurring  in  the  steam-engine.  But,  while  we  may 
not  be  able  to  clearly  express  what  entropy  is,  in  a  physical  sense,  we  may  employ 
it  mathematically  as  a  working  hypothesis,  as  consistently  as  the  atomic  theory  is 
used  in  chemistry. 

Prof.  Reeve,  by  using  a  problem  in  hydraulics  as  an  illustration,  conveys  very 
neatly  an  idea  of  the  application  of  entropy  in  thermodynamics.  This  is  a  subject 
that  none  can  afford  to  ignore,  who  desire  to  obtain  accurate  knowledge  of  the  ex¬ 
changes  of  heat  in  the  steam-engine,  and  the  diagram,  prepared  by  Prof.  Reeve,  is  of 
universal  application  to  any  accurate  typical  indicator  diagram.  It  is  sometimes 
asserted  that  steam-engineering,  as  an  exact  science,  ranks  below  electrical  engineer¬ 
ing,  as  improvements  in  design  are  obtained  too  much  by  the  “  cut  and  try  ”  method. 
Work,  such  as  this,  of  Prof.  Reeve,  tends  to  remove  the  reproach,  and  should  be 
welcomed  as  a  substantial  aid  and  an  advance.  J.  C. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 

April  3. — The  President  in  the  chair.  Sixty-five  members  and  visitors  present. 

Mr.  Charles  Jacobsen  read  a  paper  on  “  Experiments  for  Determining  the  Velocity 
of  the  Flow  of  Water.” 

The  subject  was  discussed  by  Messrs.  William  Easbv,  Jr.,  John  C.  Trautwine, 
Jr.,  Allen  J.  Fuller,  J.  Kay  Little,  William  H.  Bixby,  John  E.  Codman  and  L.  Y. 
Schermerhorn. 

Messrs.  E.  F.  Smith  and  Allen  J.  Fuller  presented  discussions  of  the  subject  of 
“  Construction  of  Queen-Lane  Reservoir.” 

Mr.  John  Birkinbine  presented  data  to  summarize  some  features  of  the  enormous 
drainage-area  of  the  Mississippi  River. 

April  17. — The  First  Vice-President  in  the  chair.  Sixtv-six  members  and  vis¬ 
itors  present. 

Mr.  Charles  F.  Scott  (non-member)  gave  an  illustrated  lecture  on  “The  Installa¬ 
tion  of  the  Niagara  Falls  Power  Company.” 

The  subject  was  discussed  by  Coleman  Sellers. 

The  Tellers  reported  the  election  of  Messrs.  Charles  J.  Dougherty  and  Percival 
Roberts,  Jr.,  to  active  membership;  Messrs.  G.  Howard  Perkins,  Jr.,  A.  H.  Hol¬ 
combe,  Edgar  0.  Macferran,  and  George  B.  Bains,  3d,  to  junior  membership,  and 
Mr.  Luther  S.  Bent  to  associate  membership. 

May  1. — The  President  in  the  chair.  Sixty-one  members  and  visitors  present. 

The  Secretary  announced  the  receipt  of  an  invitation  from  the  Provost  and  Trus¬ 
tees  of  the  University  of  Pennsylvania  to  the  members  of  the  Club  to  be  present  at 
the  dedication  of  the  Flower  Astronomical  Observatory. 

A  letter  was  read  from  Mr.  F.  H.  Lewis,  suggesting  that  the  Club  should  consider 
the  provisions  of  the  new  Building-Law  before  its  final  adoption  by  the  Pennsylvania 
Legislature.  The  matter  was  informally  discussed,  and  was  referred  to  the  Board 
of  Directors. 

Mr.  Paul  L.  Wolfel  read  a  paper  on  “  The  Superstructure  of  the  Delaware-River 
Bridge  at  Philadelphia.” 

The  subject  was  discussed  by  Messrs.  James  Christie,  Edgar  Marburg  and  Francis 
Schumann. 

May  15. — The  President  in  the  chair.  Forty-one  members  and  visitors  present. 

The  President  reported  that,  by  the  advice  of  an  informal  conference  of  the  Board 
of  Directors,  he  had  obtained  House  Bill  No.  536,  “To  Regulate  the  Height  of 
Buildings  in  Cities  of  the  First  Class.”  This  bill  was  then  read  by  the  Secretary,  and 
after  discussion,  was  laid  aside  without  further  action. 

The  subject  of  “  Modern  High  Office-Buildings”  was  discussed  by  Messrs.  James 
Christie,  Joseph  T.  Richards,  A.  Falkenau,  W.  L.  Webb,  T.  H.  Muller.  E.  M.  Nich¬ 
ols,  W.  C.  L.  Eglin,  J.  S.  Merritt,  H.  V.  Foss  and  W.  C.  Furber. 

June  5. — The  President  in  the  chair.  Sixty-three  members  and  visitors  present. 

The  Tellers  reported  the  election  of  Messrs.  Theodore  N.  Ely  and  Frank  L. 
Sheppard  to  active  membership. 

Mr.  J.  S.  Robeson  read  a  paper  on  “The  Bertrand-Thiel  Modification  of  the 
Open-Hearth  Process.  ’ ’ 

The  methods  of  producing  steel  were  discussed  by  Messrs.  J.  Christie  and  B.  Talbot. 

Mr.  J.  E.  Codman  read  a  paper  on  “  Rainfall  and  Stream-Flow  Observations  in 
Eastern  Pennsylvania.’’ 
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ABSTRACT  OF  THE  MINUTES  OF  THE  BOARD  OF 

DIRECTORS. 

Special  Meeting,  Saturday  April  10,  1897. — Present:  The  President,  the  Second 
Vice-President,  Directors  Livingston,  Eglin,  Hartley,  Schumann  and  Ott ;  the  Sec¬ 
retary  and  the  Treasurer. 

The  meeting  had  been  called  to  receive  the  report  of  the  Finance  Committee. 

The  Finance  Committee  presented  a  tabular  statement  of  expenditures  for  1896 
with  recommendations  for  expenditures  for  1897.  The  Committee  suggested  that 
the  appropriations  be  granted  with  the  understanding  that  not  more  than  60  per  cent* 
of  the  amounts  shall  he  available  prior  to  October  1,  1897. 

The  tabular  statement  was  amended  to  read  as  follows: 

RECEIPTS. 


Dues  and  Initiation  Fees,  1896  .  $250  00 

“  “  “  1897  .  4,655  00 

Proceedings .  75  00 


Total  Income  from  all  sources .  $4,980  00 


Note. — Dues  for  1896  not  paid  December  31,  1896,  amounted  to  $500.00.  Esti¬ 
mated  amount  collectible,  $250.00. 


EXPENDITURES. 

1896.  1897. 


Salaries . 

$1,190 

50 

$1,200 

00 

Secretary,  Office  Expense . 

202 

00 

250 

00 

Notices . . 

540 

00 

540 

00 

Treasurer’s  Office . 

81 

30 

50 

00 

Reprints . 

30 

25 

House  Committee,  (including  rent,  coal,  light,  ice, 

improvements,  repairs,  supplies,  luncheons,  etc... 

2,471 

48 

2,211 

75 

Information  Committee . . . 

63 

99 

40 

00 

Library  “  . 

81 

30 

100 

00 

Publication  “  . 

80 

00 

$4,660 

82 

$4,471 

75 

The  report,  as  amended,  was  adopted. 

Special  Meeting,  Saturday,  April  24. — Present :  The  President,  the  Second  Vice- 
President,  Directors  Schermerhorn,  Eglin,  Schumann  and  Ott;  the  Secretary  and 


the  Treasurer. 

The  Treasurer’s  Report  showed  : 

Cash  on  hand .  $2,171  13 

Received  during  March .  401  60 

- $2,572  73 

Expended  during  March .  618  75 

S ' - 

Balance  on  hand  March  31,  1897 .  $1,953  88 
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The  House  Committee  recommended  the  installation  of  an  Exchange  Telephone 
in  the  Club  House,  the  charges  for  which  would  be  $60.00  per  year,  for  not  more 
than  600  calls  from  the  Club.  An  appropriation  of  $60.00  was  made  for  the 
purpose. 

The  Information  Committee  reported  that  a  programme  of  papers  for  Meetings 
had  been  arranged  as  far  as  October,  but  that  few*  responses  had  been  received  to 
circular  letters  sent  to  all  members,  requesting  papers. 

Special  Meeting,  Saturday,  May  22,  1897. — Present:  The  Vice-Presidents, 
Directors  Livingston,  Schermerhorn,  Eglin,  Hartley,  Schumann  and  Ott ;  the 
Secretary  and  the  Treasurer. 

The  President  reported  by  letter  that  he  had  obtained  a  copy  of  the  act  before  the 
Legislature,  on  the  subject  of  the  height  of  buildings  in  cities,  and  suggested  that 
our  Club  should  be  represented  in  such  a  wray  that  when  laws  of  interest  to  archi¬ 
tects  and  engineers  are  to  be  passed,  the  Club  should  receive  a  copy  of  such  laws  as  a 
matter  of  information,  that  members  might  act  upon  them  individually.  It  was 
resolved  that  the  Board  should  recommend  to  the  Club  the  appointment  of  a  Com¬ 
mittee  on  Legislation. 

The  Treasurer’s  report  showed  : 

Cash  on  hand,  April  1st .  $1,953  9S 

Received  in  April .  272  48 

-  $2,226  46 

Expended  in  April .  592  27 


Balance,  April  30,  1897 .  $1,634  19 

The  Secretary  wras  instructed  to  refer  any  request  to  use  the  Club  House  directly 
to  the  House  Committee,  who  shall  have  power  to  act  thereon,  and  that  he  call  the 
attention  of  members  to  this  fact  in  the  next  few  notices  for  meetings. 

Special  Meeting,  June  18,  1897. — Called  to  take  the  place  of  Stated  Meeting, 
June  19,  1897. 

Present  :  The  President,  the  Vice-Presidents,  Directors  Eglin,  Hartley,  Schermer¬ 
horn  and  Ott. 

The  Treasurer’s  report  showed  : 

Cash  on  hand,  May  1,  1897 .  $1,634  19 

Received  during  May . . .  419  50 

- $2,053  69 

Expended  during  May .  281  62 

Balance  on  hand,  May  31st .  $1,772  07 

The  Library  Committee  reported  that  it  had  purchased  a  book-case  for  the  Club- 
Parlor.  It  is  proposed  to  add  reference  books  to  the  collection  from  time  to  time. 

Publication  Committee  reported  that  the  April  number  of  the  Proceedings  had 
been  issued  after  some  delay.  The  July  number  is  now  in  preparation.  The  follow¬ 
ing  resolution  was  adopted: — “That  the  Publication  Committee  be  empowered  to 
revoke  or  amend  the  publication  contract  with  Messrs.  Armstrong  &  Fears,  if  in  the 
judgment  of  the  Committee  the  interests  of  the  Club  require  it.” 

For  the  Information  Committee,  Mr.  Schermerhorn  stated  that  papers  had  already 
been  arranged  for,  up  to  the  end  of  October. 
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CONTRIBUTIONS  TO  THE  LIBRARY. 

From  December  15, 1896,  to  July  1,  1897. 


From  Walter  G.  Berg. 


Discussion  on  the  Profession  of  the  Railway  and  a  Suggested  Course  of  Training 
Therefor. 


From  Chief  of  Engineers,  U.  S.  A. 

Annual  Report,  1896. 

From  J.  V.  Mendes  Guerreiro. 


Obras  do  Porto  de  Lisboa,  Conferencias  feitas  em  March  e  Abril  de  1892. 

From  Nova  Scotian  Institute  of  Science. 
Proceedings  and  Transactions,  Session  of  1895-96,  Volume  IX. 


From  the  Patent  Office,  London. 

Patents  for  Inventions,  Abridgments  of  Specifications. 

From  The  American  Iron  and  Steel  Association  Statistics. 

American  and  Foreign-Iron  Trade  for  1896. 

Annual  Report  of  the  American  Iron  and  Steel  Association. 

From  Publishers’  Weekly,  New  York. 

Publications  of  Societies. 

From  American  Institute  Electrical  Engineers. 

One  Volume  XIII,  January-December,  1896. 

From  Armour  Institute  of  Technology,  Chicago. 

Year  Book,  1896-97. 

From  Boston  Public  Library. 

Annual  Report,  1896-97. 

From  Library,  War  Department,  Washington,  D.  C. 

Conclusions  Adopted  by  the  French  Commission  in  reference  to  the  Tests  of 
Cements.  “The  Influence  of  Sea-water  on  Hydraulic  Motors.”  Translated 
by  O.  M.  Carter  and  E.  A.  Geiseler. 

From  Fairmount  Park  Art  Association. 

Twenty-fourth  Annual  Report  of  Board  of  Trustees  and  List  of  Members.  Also 
“Unveiling  of  the  Memorial  to  General  James  A.  Garfield.” 

From  Sherard  Cowper-Coles. 

The  Electro-Deposition  of  Zinc. 

From  Smithsonian  Institution. 

* 

Smithsonian  Report,  1894. 
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From  Societe  des  InoenieurS  Civils  de  France. 

Inauguration  du  Xouvel  Hotel  de  la  Soci^U?,  January  14,  1S97. 

From  the  State  Agricultural  College,  Colorado. 

Seepage  or  Return  Waters  from  Irrigation. 

From  the  University  of  Pennsylvania. 

Catalogue,  1896-97. 

From  the  University  of  Wisconsin. 

Topographical  Surveys,  Their  Methods  and  Value. 

From  S.  F.  Patterson. 

Proceedings  of  Sixth  Annual  Convention  Association  Railway  Superintendents 
of  Bridges  and  Buildings,  Chicago,  October,  1S96. 

From  W.  F.  Morse,  New  York. 

Cremation,  Disinfection,  Sterilization  ;  W.  F.  Morse. 

From  American  Institute  of  Mining  Engineers. 

Thirteen  Abstracts  from  Papers  of  the  Society. 

From  General  Herman  Haupt. 

Compressed  Air  and  Electricity;  Herman  Haupt. 

Compressed  Air  for  City  and  Suburban  Traction  ;  Herman  Haupt. 

Long  Distance  Transmission  of  Power  ;  Herman  Haupt. 

From  Joseph  T.  Richards. 

Engineering  Directory  (May),  London,  England. 

Record  of  Transportation  Lines,  Pennsylvania  Railroad,  1896. 

From  W.  S.  Auchincloss. 

“  Waters  within  the  Earth  and  Laws  of  Rain-flow.”  By  W.  S.  Auchincloss. 

From  Alabama  Industrial  and  Scientific  Society. 

Proceedings.  Vol.  VI,  Part  11,  1896. 

From  U.  S.  Coast  and  Geodetic  Survey,  Washington,  D.  C. 

Annual  Report  of  the  Superintendent  for  the  year  1895. 

From  Miss  Cleeman. 

Nystrom’s  Mechanics. 

Long-Span  Railway  Bridges  ;  B.  Baker. 

Civil  Engineering  ;  Prof.  Rankine. 

Applied  Mechanics. 

Bridging  the  Mississippi  River  between  St.  Paul  and  St.  Louis;  Warren. 

The  True  Figure  and  Dimensions  of  the  Earth  ;  J.  Von  Gumpach. 

The  Water-Works  of  London  ;  Colburn  &  Man. 

Treatise  on  Compound  Ordnance  ;  Polliser. 
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BREAKWATER  CONSTRUCTION  ON  THE  AMERICAN  COAST. 

By  Louis  Y.  Schermerhorx,  M.  Am.  Soc.  C.  E.,  Active  Member. 

Read  October  16,  1897. 

Under  the  subject  which  will  be  presented  to  you  this  evening, 
reference  will  be  confined  to  that  class  of  breakwater  construc¬ 
tions  which  belong  to  the  ocean  coast  of  our  country,  thereby 
omitting,  any  detailed  allusion  to  break  water  construction  upon 
the  great  lakes,  where  the  conditions  surrounding  the  problem 
are  so  widely  different  from  those  belonging  to  the  ocean  coast, 
that  but  little  correlation  exists  between  them. 

Without  a  definition  there  might  be  some  misunderstanding 
as  to  the  class  of  constructions  to  which  reference  will  he  made, 
since  we  find  that  the  terms  breakwaters,  jetties,  and  piers,  are 
sometimes  confusingly  used.  A  breakwater  is  an  artificial 
structure,  providing  a  harbor  or  roadstead  with  protection  against 
waves,  and  differs  from  the  other  constructions  named,  in  that  it 
is  essentially  a  wave-breaker. 

Breakwaters,  through  their  object,  may  be  divided  into  two 
classes,  viz.,  those  which  give  shelter  and  protection  to  commer¬ 
cial  harbors  or  their  entrances;  and  those  sheltering  an  anchor- 
15 
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age  or  roadstead  :  the  latter  are  denominated  harbors  of  refvge, 
and  are  only  used  by  vessels  in  transit,  which  have  occasion 
to  escape  from  the  violence  of  passing  storms.  Each  of  these 
classes  might  be  technically  further  divided  according  to  their 
particular  type  of  construction;  which  in  turn  is  decided  by  the 
question  of  initial  or  ultimate  economy,  with  due  regard  to 
effectiveness.  For  example,  where  durable  rubble  stone  could 
be  cheaply  obtained  the  breakwater  would  probably  consist  of 
random  stone,  of  suitable  sizes,  deposited  in  the  form  of  an  em¬ 
bankment,  or  mound.  Where  such  stone  could  only  be  obtained 
at  considerable  cost,  concrete  blocks  might  be  substituted,  and 
either  deposited  as  the  random  stone  would  be,  or  in  the  form  of 
a  massive  and  regular  wall;  or  the  stone  might  be  used  for  a 
substructure  surmounted  b}r  the  concrete  blocks  as  a  superstruc¬ 
ture.  The  latter  form  has  been  extensively  used  abroad;  but  has 
never  been  adopted,  though  frequently  considered,  upon  the 
ocean  coast  of  our  country. 

An  abundance  of  durable  stone,  convenient  to  the  coast,  is  to 
be  found  along  that  part  of  the  Atlantic  north  of  Cape  Hatteras, 
and  along  the  Pacific  coast.  This  fact,  supplemented  by  the 
modern  methods  of  cheap  quarrying  and  handling  of  stone,  lias 
made  its  use  much  more  economical  than  that  of  concrete  blocks, 
and  has  thereby  decided,  in  this  country  at  least,  the  question  in 
favor  of  random  stone  for  breakwater  construction  along  our 
ocean  coast. 

The  limits  of  this  paper  will  not  permit  more  than  a  passing 
reference  to  the  forces  impressed  upon  breakwaters  through  wave- 
action  ;  but  brief  allusion  thereto  becomes  necessary,  since  the 
amount  and  direction  of  these  forces  must  be  carefully  con¬ 
sidered  before  the  proper  design,  and  position  of  the  breakwater 
can  be  adopted,  or  the  general  principles  of  breakwater  construc¬ 
tion  understood. 

In  the  problems  of  the  engineer,  the  maximum  force  likely  to 
be  impressed  upon  the  structure  determines  the  necessary  stabil¬ 
ity  to  be  given  the  construction.  While  it  is  difficult  to  estimate, 
except  approximately,  the  force  or  impact  of  breaking  waves, 
observation  and  experience  furnish  some  data  for  deductions. 
The  English  engineer,  Thomas  Stevenson,  followed  by  others,  has 
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furnished  the  results  of  experiments,  through  the  aid  of  marine 
dynamometers,  which  assign  values  to  the  wave  forces  to  be  met 
and  resisted.  These  observations  recorded  pressures  in  the  North 
Atlantic  of  6,000  pounds  per  square  foot;  and  in  the  German 
Ocean  of  3,000  pounds.  M.  Le  Fertne,  from  the  destruction  of 
the  beacon  at  the  mouth  of  the  Loire,  calculated  that  the  wave 
forces  impressed  upon  the  work  must  have  exceeded  4,800  pounds, 
and  probably  approximated  6,000  pounds  per  square  foot.  The 
most  remarkable  observed  instance  of  the  power  of  waves,  was 
afforded  bv  the  movement  of  a  solid  mass  of  masonrv,  set  in 
cement  in  the  form  of  a  massive  block,  weighing  1,350  tons  at  the 
end  of  the  Wick-Bay  breakwater.  The  mass,  45  feet  wide,  26  feet 
long  and  21  feet  high,  was  completely  turned  around  upon  its 
base,  and  at  last  tilted  off  its  foundation.*  Extraordinary  as 
this  may  appear  it  was  subsequently  surpassed  when  another 
concrete  block,  substituted  for  the  one  just  described,  was  in  like 
manner  carried  away,  though  it  contained  1,500  cubic  yards  of 
concrete  masonry,  and  weighed  about  2,600  tons. 

In  1884,  Mr.  William  P.  Judson,  C  E  ,  made  some  observations 
upon  Lake  Ontario  at  Oswego,  N.  Y-,  to  determine  the  height, 
velocity,  and  impact  of  the  waves  upon  the  breakwater  at  that 
locality,  with  the  following  results:* during  a  severe  northwest 
gale,  the  waves  at  a  distance  of  1,000  feet  outside  the  breakwater, 
attained  a  height  of  from  14  to  IS  feet  above  the  normal  surface 
of  the  lake,  with  a  velocity  of  from  30  to  40  miles  per  hour. 
Dynamometers  attached  to  the  face  of  the  breakwater  at  depths 
of  8  feet  below  the  surface,  at  the  surface,  and  S  feet  above  the 
surface,  recorded  pressures,  respectively,  of  less  than  10  pounds, 
600  pounds,  and  at  the  higher  elevation  about  1,000  pounds  per 
square  foot. 

The  instances  referred  to  are  the  maximum  forces  which  have 
been  observed,  but,  since  they  depend  upon  local  conditions, 
cannot  be  assumed  as  those  which  are  to  be  the  standard  in  all 
cases.  The  height  and  force  of  impinging  waves  at  any  locality 
depend  upon  the  force  and  duration  of  winds,  the  depth  of  the 
water,  the  fetch  or  distance  over  which  the  waves  move,  and  the 
angle  of  incidence  at  which  they  strike  the  breakwater. 


*  Harbor  and  Docks,  Harcourt,  pages  28,  31. 
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Theoretical  considerations  indicate  that  the  energy*  of  the 
impact  of  waves  varies  as  the  cube  of  the  waves’  height. 
Stevenson,  from  observation,  developed  the  empirical  formula, 
It  =1.5  I  d,  for  the  determination  of  wave-heights,  which  is  con¬ 
sidered  as  representing  with  tolerable  accuracy  the  heights  of 
waves  during  heavy  gales,  in  which  h  is  height  in  feet,  and  d  the 
fetch  of  the  waves  in  miles.*  The  results  of  this  formula  for 
low  values  of  d  are  somewhat  too  small,  while  for  large  values  of 
d  they  are  too  great.  Scott  Russell  considers  that  27  feet  is  the 
greatest  height  of  waves  in  the  British  seas ;  and  Sir  G.  Airy, 
from  theoretical  consideration,  concludes  that  from  30  to  40  feet 
would  be  the  extreme  height  of  unbroken  waves,  except  under 
rare  conditions.  Dr.  Scoresbv  observed  waves  in  the  mid-Atlan- 
tic  which  averaged  26  feet  in  height,  and  moving  with  a  velocity 
of  over  30  miles  per  hour,  while  the  highest  wave  he  estimated 
to  have  a  height  of  13  feet.  Waves  have  been  observed  off  Cape 
Horn  with  a  height  of  about  50  feet.  Previous  to  the  laying  of 
the  first  Atlantic  cable,  an  effort  was  made  to  carefullv  collate  the 
most  reliable  information  upon  this  point;  the  result  was  that  50 
feet  was  considered  as  the  extreme  height  of  waves  in  the  open 
sea. 

On  the  assumption  that,  fet  the  instant  of  breaking,  the  verti¬ 
cal  section  of  a  wave  at  the  surface  is  a  common  cycloid,  and  that 
the  height,  d,  of  the  wave  is  not  greater  than  the  depth  of  water 
in  which  it  moves,  theoretical  considerations  indicate  that  the 
maximum  wave-energy,  in  foot-pounds  per  linear  foot  of  the 

647rd  ^ 

wave  crest,  — — —  2ird 3 ;  the  weight  of  a  cubic  foot  of  sea 

water  being  taken  at  64  pounds.f  For  wave-depths  of  10  feet, 
this  gives  an  energy  of  6,300  foot-pounds,  and,  for  wave-depths 
of  15  feet,  about  21,000  foot-pounds.  If  the  form  of  the  wave  at 
the  moment  of  breaking  is  that  of  a  prolate  cycloid,  as  some 
authorities  assert,  its  energy  would  be  about  60  per  cent,  greater 
than  that  above  stated.  While  such  calculations  are  more  curi¬ 
ous  than  valuable,  they  nevertheless  serve  to  convey  some  idea 
of  the  forces  impressed  upon  breakwaters  by  wave-action. 


*  The  Design  and  Construction  of  Harbors,  T.  Stevenson,  page  25. 
t  Report,  Chief  of  Engineers,  1889,  page  1321. 
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The  destructive  effect  of  waves  of  translation  also  depends 
greatly  upon  the  angle  of  incidence  between  their  line  of  impact 
and  the  axis  of  the  breakwater,  and,  other  conditions  being  equal, 
this  force  of  impact  will  vary  with  the  sine-square  of  the  angle 
of  incidence.  At  Wick  it  was  found  that  by  changing  the  di¬ 
rection  of  the  axis  of  a  part  of  the  work,  so  as  to  reduce  this 
angle  from  90°  to  about  80°,  the  breakwater  withstood  the  action 
of  waves,  which  previously  had  been  such  as  to  repeatedly 
destroy  the  work. 

From  this  brief  consideration  of  the  wave-forces  impressed 
upon  a  breakwater,  it  is  evident  that  its  design,  from  the  stand¬ 
point  of  stability,  must  depend  upon  conditions  aiising  from  the 
location  of  the  work.  In  the  case  of  random-stone  breakwaters, 
this  question  of  stability  depends  upon  the  cross-section  of  the 
work,  and  the  dimension  of  the  stone  used  upon  the  active 
slopes. 

Such  a  breakwater  essentially  consists  of  two  parts,  viz  ,  the 
substructure  or  that  part  below  the  surface  of  the  water,  and  the 
superstructure  or  that  above  water.  The  wave-action  which  it  is 
necessary  to  arrest  by  a  breakwater  does  not  extend  to  a  great 
depth  below  the  surface  of  the  water;  therefore,  the  superstruc¬ 
ture  and  the  upper  part  of  the  substructure  are  the  effective  parts 
of  the  breakwater,  as  well  as  the  parts  of  the  construction  which 
are  subjected  to  the  most  destructive  action  of  the  waves.  A 
large  part  of  the  substructure,  therefore,  becomes  simply  a  means 
of  supporting  the  superstructure,  and  the  limited  part  of  the  sub¬ 
structure  which  is  exposed  to  marked  wave-action.  In  general 
terms,  the  necessary  dimensions  of  the  superstructure  and  the 
upper  part  of  the  substructure,  determine  the  dimensions  of  the 
remainder  of  the  work.  While  the  superstructure  must  resist 
severe  wave-action,  it  must  likewise  preserve  the  needed  tran¬ 
quillity  of  the  areas  behind  it,  by  being  carried  to  a  height  suf¬ 
ficient  to  prevent  waves  being  thrown  unduly  over  the  top  of  the 
structure. 

The  bounding  surfaces  of  a  random-stone  breakwater  consist 
approximately  of  plane  surfaces,  forming  the  top,  bottom,  and 
sides:  the  latter,  at  more  or  less  of  an  inclination  dependent 
upon  the  special  part  of  the  work  to  which  they  belong,  are 
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called  the  slopes.  One  side  of  the  work  is  exposed  to  the  action 
of  the  sea,  while  the  opposite  side  rests  in  the  comparatively 
quiet  water  of  the  protected  area.  The  sea  face  of  the  work, 
while  receiving  and  arresting  the  energy  of  the  waves  thrown 
upon  it,  is  not,  from  the  limited  depth  of  wave-action,  exposed 
throughout  all  of  its  depth  to  the  same  amount  of  destructive 
force;  therefore  that  side  of  the  breakwater  need  not  be  provided, 
for  its  entire  depth,  with  the  same  measure  of  stability. 

Experience  upon  American  breakwaters  has  determined  that 
the  depth  to  which  energetic  wave-action  extends,  is  about  12  or 
15  feet  below  the  surface  of  water;  and  this  depth  is  generally 
assumed,  upon  our  works,  as  the  approximate  plane  of  rest  for  the 
material  which  is  used.  Since  our  breakwaters  are  all  placed  in 
tidal  waters  the  position  of  this  plane  must  vary  with  the  ampli. 
tude  of  the  tide,  which  in  the  breakwater  locations  to  be  referred 
to  is  between  3  and  8  feet.  Upon  leading  European  break¬ 
waters,  of  nearly  the  same  type  as  those  under  consideration,  the 
increased  exposure  of  their  sites,  and  the  height  of  ocean  waves 
impressed  upon  the  works,  lowers  the  plane  of  rest  to  a  depth  of 
about  20  feet  below  the  surface  of  the  water;  while  the  tidal 
range  of  their  localities  is  nearly  double  that  above  given  for 
American  breakwaters.  It  is  evident  that  these  facts  must 
materially  change  the  details  of  American  and  European 
practice. 

In  a  qualified  sense,  the  so-called  plane  of  rest  is  more  of  an 
abstraction  than  a  well-observed  and  established  fact,  and  it 
should  not  be  inferred,  from  the  use  which  is  made  of  this  term, 
that  a  clearly  defined  depth-limit  to  the  disturbing  effect  of  wave- 
action  can  be  undeniably,  assumed,  within  the  limits  usually 
ascribed  to  this  plane.  It  is  true  that  a  point  must  exist  in  a 
wave’s  depth  where  the  impulsive  force  is  a  maximum,  and  it  is 
equally  true  that  upwards  and  downwards  from  this  point  the 
force  must  decrease;  but  the  law  of  this  decrease  does  not  permit 
the  conclusion  that  wave-action  entirely  ceases  at  the  depths 
assigned  to  the  plane  of  rest  in  breakwater  construction.  It 
simply  means  that  at  the  assumed  depths  the  disturbing  effect 
of  the  waves  has  been  so  reduced  that  it  is  jno  longer  able  to 
move  the  special  stones  constituting  the  slopes  at  such  depths. 
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If  these  stones  were  larger  the  plane  of  rest  would  be  raised,  and 
conversely,  if  they  were  smaller  it  would  be  lowered. 

From  the  foregoing  consideration  the  slopes  of  a  random  stone 
breakwater  may  be  divided,  from  the  forces  impressed  upon 
them,  into  the  following:  (1)  that  part  of  the  sea  face  which  is 
below  the  plane  of  rest;  (2)  that  part  which  is  between  the  plane 
of  rest  and  the  surface  of  the  water;-  and  (3)  the  part  above  the 
surface  of  the  water.  On  the  harbor  side  but  two  divisions  of  the 
slope  need  consideration,  viz.,  that  below,  and  that  above  the 
water  surface.  Upon  the  sea  face  below  the  plane  of  rest,  the 
random  stone*  will  assume  a  slope  coincident  with  the  angle  of 
repose  of  the  material,  unaffected  by  wave-action ;  on  that  part 
between  the  plane  of  rest,  and  the  surface  of  the  water,  the  slope 
will  be  formed  by  wave-action,  modified  somewhat  by  the  dimen¬ 
sions  of  the  stone  constituting  the  slope;  while  above  the  surface 
of  the  water,  both  on  the  sea  and  harbor  faces  of  the  work,  the 
slopes  will  be  artificial,  and  dependent  upon  the  size  of  the  stone 
and  the  care  with  which  they  are  laid.  On  the  harbor  face  where 
the  structure  is  not  exposed  to  wave-action,  the  slope  from  the 
surface  of  the  water  to  the  bottom  will  be  that  of  the  angle  of 
repose  of  the  material.  These  several  slopes,  as  determined  by 
experience  and  practice,  will  be  considered  later. 

Where  the  wave  impinges  upon  a  nearly  vertical  surface,  the 
wave  is  thrown  to  a  considerable  height,  and  in  falling  is  reflect¬ 
ed,  in  part,  seaward;  while  experience  indicates  that  a  talus 
causes  the  wave  to  break  and  thereby  dissipate  its  energy,  upon 
the  sloping  surface  on  which  it  impinges;  this  is  said  to  be  fully 
realized  when  such  a  slope  is  about  1  on  3.  Upon  the  vertical 
face  type  of  breakwaters  waves  have  been  observed  as  thrown  to 
a  height  of  200  feet;  this  fact  serves  to  strikingly  illustrate  the 
energy  contained  in  waves,  and  the  stresses  brought  upon  the 
construction  in  the  arrest  of  wave-force. 

Upon  any  slope  less  than  the  angle  of  repose  of  the  material, 
the  size  of  the  stone  determines  largely  the  stability  of  the  slope 
to  resist  forces  tending  to  disturb  its  equilibrium.  In  general 
terms  such  stability  increases  with  the  dimensions  of  the  stone 
used;  and,  within  proper  limits,  the  active  slopes  of  the  break¬ 
water  may  be  increased — with  a  proportional  reduction  of  the 
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aggregate  volumes  of  material  used  in  the  work  and  a  consequent 
reduction  in  cost — by  the  use  of  larger  individual  masses  of  stone 
in  these  slopes.  The  limit  of  such  economy  is  reached  however 
when  the  increased  cost  of  larger  stone  equals  the  saving  in  the 
cost  of  the  aggregate  volume  of  stone  used  in  the  work.  This 
has  led  in  European  practice  to  the  use  of  immense  blocks  of 
concrete  upon  the  most  exposed  part  of  the  sea  slopes  of  random- 
stone  breakwaters. 

The  dimensions  of  the  stone  used  in-  the  active  slopes  of  the 
substructure  usually  vary  between  2  and  5  tons,  with  smaller 
stone  constituting  the  interior  volume  of  the  work.  Since  the 
superstructure  is  above  the  surface  of  the  water  it  permits  of  the 
cheap  application  of  labor  to  the  orderly  arrangement  of  the 
stone  constituting  its  mass,  whereby  a  saving  in  volume,  and 
consequent  cost,  is  obtained  by  using  very  large  stones,  laid  with 
some  approximation  into  the  form  of  a  rough,  though  strong 
and  heavy  wall.  Upon  this  part  of  the  work  stones  weighing 
from  3  to  10  tons  each  are  used  on  the  sea  and  harbor  faces,  with 
a  core  of  somewhat  smaller  stones. 

Under  American  experience  and  practice  the  general  slopes  of 
the  several  parts  of  the  sea  and  harbor  faces  are  as  follows: 


Sea  face  below  the  depth  of  12  to  15  feet . 1  on  1  to  1  on  1.5 

“  “  from  12  to  15  feet  depth  to  low  water..  . 1  on  3 

“  “  from  low  water  to  top  of  superstructure . 1  on  0.7  to  1  on  1 

Harbor  face  from  bottom  to  low  water  . 1  on  1  to  1  on  1.3 


“  “  from  low  water  to  top  of  superstructure...!  on  0.7  to  1  on  1 

The  superstructure  usually  has  a  width  on  top)  of  about  20  feet, 
and  with  the  slopes  above  given  the  dimensions  of  the- resulting 
cross-section  of  the  entire  structure  become  dependent  upxm  the 
height  of  the  superstructure,  and  the  depth  of  water  in  which 
the  breakwater  is  placed.  Upon  the  two  most  recent  works,  viz., 
the  breakwater  for  the  National  Harbor  of  Refuge  in  Delaware 
Bay,  which  is  now  in  progress,  and  the  proposed  breakwater  for 
the  Harbor  of  Refuge  on  the  coast  of  Southern  California  at  San 
Pedro,  the  top  of  the  superstructure  is  placed  at  a  height  of  14 
feet  above  the  plane  of  low  water.  With  these  dimensions  for 
the  superstructure  and  the  slopes  above  given,  £he  breakwaters  at 
the  localities  named  obtain  a  width  of  about  40  feet  at  the  plane 
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of  mean  low  water,  and  about  90  feet  at  the  assumed  plane  of 
rest,  12  feet  below  the  plane  of  low  water. 

The  most  typical  random-stone  breakwaters  of  the  ocean  coast 
are  at  Sandy  Bay,  Cape  Ann,  Mass.;  Point  Judith,  R.  I.;  and 
Delaware  Bay,  Del.  A  second  breakwater  is  in  progress  of  con¬ 
struction  in  Delaware  Bay;  while  the  report  of  a  recent  Board  of 
Engineers  decides  upon  San  Pedro  Bay,  California,  as  the  proper 
site  for  a  breakwater  to  give  protection  to  deep-water  commerce, 
and  furnish  a  harbor  of  refuge  for  the  South  California  coast. 

The  Delaware  Breakwater  had  its  inception  in  a  plan  sub¬ 
mitted  in  1828,  by  a  Board  of  Commissioners  appointed  by  Con¬ 
gress.  The  project  proposed  the  construction  of  two  massive 
works,  on  the  pierres  perdue  or  rip-rap  system,  separated  by  an 
interval  of  1,390  feet;  the  larger  work,  called  the  breakwater,  to 
afford  safe  anchorage  during  gales  from  the  North  and  East ;  and 
the  lesser,  called  the  ice-breaker,  to  protect  shipping  against  north¬ 
east  gales,  and  the  heavy  drifting  ice  of  the  bay.  These  works 
were  commenced  in  1828,  continued  under  regular  appropria¬ 
tions  until  1840;  resumed  after  the  war  in  1866,  and  completed 
in  1869.  The  aggregate  amount  expended  was  $2,192,103,  which 
resulted  in  the  construction  of  2,558  feet  of  breakwater,  and  1,359 
feet  of  ice-breaker.  In  1882  a  project  was  adopted  for  closing 
the  gap  between  the  two  detached  works;  and  in  1883  work  was 
commenced  thereon.  At  the  present  time  this  work  is  in  pro¬ 
gress  and  will  probably  be  completed  at  an  early  date,  whereby 
the  entire  construction  will  attain  a  length  of  slightly  more  than 
one  mile.  The  cost  of  the  entire  work  will  be  about  $3,000,000. 

A  careful  study  of  the  Delaware  breakwater  has  furnished 
details  of  great  value  to  those  who  have  in  late  years  been  called 
upon  to  consider  sych  constructions;  some  of  these  details  refer 
to  the  sea  and  harbor  slopes  of  the  breakwater,  and  others  to  the 
ultimate  relation  between  the  volume  of  stone  in  the  work,  as 
determined  by  subsequent  exact  surveys,  and  the  tonnage  of 
stone  placed  therein. 

By  combining  a  large  number  of  sections  of  the  breakwater, 
as  determined  by  careful  survey,  the  present  slopes  of  the  work 
may  be  classified  as  follows: 

Plane  of  rest — sea  face — at  depth  of  12  feet  below  low  water: 
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Sea  face  slope  below  plane  of  rest . 1  on  1.6 

“  “  “  between  plane  of  rest  and  low  water . 1  on  2.9 

“  “  “  between  low  and  high  water . 1  on  3.17 

“  “  “  between  low  water  and  top  of  superstructure . 1  on  1.77 

Harbor  face  slope  between  bottom  and  low  water . 1  on  1.35 


“  between  low  water  and  top  of  superstructure..!  on  0.73 


Section  of  Old  Delaware  Breakwater. 

It  should  be  noted  that  the  slopes  directly  above  and  below  low 
water  line,  on  the  sea  face  of  the  work,  vary  but  slightly  from 
each  other ;  the  lower  slope  being  1  on  2.9  and  the  upper  1  on  3.17, 
or  respectively  about  19°  and  174°.  This  slight  difference  of 
about  1J°  is  probably  within  the  error  of  determination,  and 
without  serious-  error  the  entire  slope  between  the  plane  of  rest 
and  the  base  of  the  superstructure  can  be  taken  as  about  1  on  3. 
The  assumption  that  the  plane  of  rest  occurs  at  12  feet  belowr  low 
water  is  simply  derived  from  the  evidence  of  these  slopes* 

These  slopes  are  graphically  shown  on  the  section  below. 

The  mean  cross-section  of  the  first  Delaware  breakwater  has 


the  following  dimensions: 

Feet.  Inches. 

Width  at  top  of  superstructure  .  22  0 

Height  of  superstructure  above  high  water  .  8  6 

Difference  between  high  and  low  water .  5  0 

Width  at  high  water .  43  0 

“  “  low  “  62  9 

“  “  plane  of  rest .  113  9 

“  bottom . . .  166  0 

Total  mean  height .  43  6 

Mean  cross-section,  in  square  feet . 4,100 


The  ice-breaker,  which  from  its  position  is  much  less  exposed 
to  the  action  of  the  waves,  has  a  slope  upon  the  sea  face  of  1  on  2, 
and  on  the  harbor  face  of  about  1  on  1.3 ;  the^mean  cross-section 
of  the  ice-breaker  is  about  3,600  square  feet. 
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The  calculated  volume  of  the  breakwater  and  ice-breaker,  in- 
.cluding  voids,  as  determined  from  surveys,  was  595,000  cubic 
yards.  The  quantity  of  stone  delivered  in  the  works  was  892,- 
528  gross  tons.  These  figures  would  seem  to  indicate  that  1.5 
gross  tons  were  required  for  each  cubic  yard  of  volume  of  the 
breakwater. 

The  foundation  of  the  works  must  have  sunk  somewhat  into  the 
bed  of  the  harbor,  through  the  weight  of  the  mass;  recognized 
scour  at  the  ends  of  the  structure  caused  considerable  material 
to  fall  into  these  holes;  while  other  material  has  probably  been 
carried  by  the  sea  outside  of  the  limits  of  the  work.  These 
volumes  have  been  omitted  by  the  survey,  and  consequently 
have  given  too  small  a  mass  for  the  material  deposited  in  the 
work.  A  survey  of  the  material  deposited  in  the  gap  between 
the  break  water  and  ice-breaker  gave  1.17  gross  tons  per  cubic 
yard  of  enrockment;  while  the  careful  measurement  of  a  large 
volume  of  stone  weighed  onto  barges  gave  1.15  gross  tons  per 
cubic  yard  of  volume.  Observation  derived  from  rock  in  settled 
railroad  embankments  give  about  1.18  gross  tons  per  cubic  yard 
of  space  occupied. 

From  these  considerations,  Major  Raymond  derives  the  conclu¬ 
sion  that  1.25  gross  tons  per  cubic  yard  of  random-stone  em¬ 
bankment  is  an  ample  allowance  for  each  cubic  yard  of  break¬ 
water  after  the  settlement  of  the  mass,  and  any  loss  of  stone 

which  may  occur.*  The  stone  which  has  been  used  in  the  Dela- 
«/ 

ware  breakwater  weighs  from  100  to  170  pounds  per  cubic  foot. 

The  Delaware  breakwater  has  been  the  prototype  for  all  other 
accomplished  or  proposed  random-stone  breakwater  construction 
upon  our  ocean  coast;  and  while  its  details  have  not  been  exactly 
repeated,  the  experience  gained  upon  the  work  has  been  utilized 
both  in  design  and  construction  at  all  other  localities.  The 
earlv  records  of  this  work  seem  to  indicate  that  the  Board  of 
Commissioners,  who  designed  the  breakwater  in  1828,  were 
materially  influenced  by  the  dimensions  and  slopes  used  upon 
European  breakwaters  at  that  date,  and  that  its  foundation 
width  was  based  upon  anticipated  slopes  such  as  would  be 


*  Report  of  Chief  of  Engineers,  1891,  page  1081. 
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derived  from  the  examples  then  before  them;  therefore,  it  can¬ 
not  be  correctly  assumed  that  the  cross-section  of  the  Delaware- 
breakwater  of  to-day  is  exactly  the  result  of  slopes  derived  from 
the  action  of  the  wave  forces  which  have  been  impressed  upon 
them.  The  history  of  the  work  indicates  that,  at  some  time  after 
its  commencement,  those  in  charge  probably  abandoned  the  idea 
of  following  the  early  adopted  cross-section,  and  in  place  thereof 
sought  to  obtain  such  slopes  as  would  result  directly^  from  the 
action  of  the  waves;  therefore,  it  follows  that  probably  the  result¬ 
ing  cross-section  of  the  work  of  to-day  is  a  compromise  between 
anticipated  and  realized  slopes  upon  the  several  parts  of  the 
structure. 

The  active  sea  slopes  of  the  Portland,  Plymouth  and  Cher¬ 
bourg  breakwaters  vary  from  1  on  4  to  about  1  on  <S ;  while,  as 
previously  noted,  the  flattest  slopes  of  the  Delaware  breakwater 
are  about  1  on  3.  In  this  respect  it  presents  a  striking  contrast  to 
European  breakwaters  in  the  steepness  of  its  active  sea  slopes. 
While  the  Delaware  breakwater  is  not  exposed  to  the  force  of 
seas  such  as  are  thrown  upon  the  European  works  named,  it  is 
highly  probable  that  its  slopes,  through  the  method  by  which 
they  have  been  obtained,  are  more  nearly  in  equilibrium  with 
the  forces  which  are  impressed  upon  them  than  obtains  in  the 
European  cases  referred  to. 

It  is  evident  that  the  maximum  economy  in  random-stone 
breakwater  construction  is  realized  when  the  slopes,  and  conse¬ 
quent  cross  section,  are  such  as  to  place  the  work  in  simple  stable 
equilibrium  with  the  forces  which  it  is  to  resist.  Any  additional 
material  beyond  this  would  be  unnecessary  and,  therefore,  an 
extravagance.  To  secure  a  stable  section,  and  at  the  same  time 
provide  that  it  shall  contain  the  minimum  volume  of  material, 
requires  that  its  method  of  construction  should  be  carried  on  in 
the  three  following  stages:  (1)  The  formation  of  the  volume  be¬ 
low  the  plane  of  rest;  (2)  the  deposition  of  the  volume  between 
the  plane  of  rest  and  the  base  of  the  superstructure;  (3)  the  con¬ 
struction  of  the  superstructure.  This  order  of  construction  has 
been  developed  and  carried  into  practice  by  Major  C.  W.  Ray¬ 
mond,  Corps  of  Engineers,  U.  S.  Army,  who  has  present  charge  of 
the  completion  of  the  Delaware  breakwater,  and  also  the  construe- 
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tion  of  the  new  breakwater  in  Delaware  Hay.  Major  Raymond's 
extended  experience  in  break  water  construction  on  the  ocean  coasts 
of  the  United  States,  placed  him  upon  the  Hoard  of  Kngineers 
for  the  location  and  plans  for  a  harbor  of  refuge  upon  the  coast 
of  southern  California;  and  upon  bis  plans  and  specifications  the 
several  reports  upon  this  important  work  have  been  mainly 
based. 

Under  the  order  of  construction  above  indicated  the  deposition 
of  the  random  stone  is  confined  strictly  to  a  width  and  depth 
conforming  to  the  width  and  depth  of  the  cross-section  of  the 
breakwater  at  the  assumed  plane  of  rest;  by  this  method  the 
material  on  the  slopes  is  forced  to  assume  the  steeper  angles  of 
repose  which  properly  adhere  to  this  part  of  the  work  ;  at  the 
same  time  the  initial  settlement  of  the  foundation  and  this  part 
of  the  mass  is  secured. 

When  this  lower  section  of  the  breakwater  is  completed  it  is 
followed  by  the  second  stage,  the  formation  of  the  mass  between 
the  plane  of  rest  and  the  base  of  the  superstructure,  by  the 
deposition  of  all  material  within  the  width  of  the  base  of  the 
superstructure;  care  being  taken  in  this  important  section  to 
deposit  the  larger  stone  upon  the  sea  side  of  the  breakwater. 
This  brings  the  construction  within  the  disturbing  action  of  the 
waves;  and  as  this  part  of  the  work  progresses  the  stones  upon 
the  sea  face  of  the  work  assume  such  slopes  as  to  place  the  work 
in  actual  equilibrium  with  the  wave  forces  impressed  upon  it; 
thereby  leaving  to  the  sea  the  task  of  largely  declaring  the  slope 
and  consequent  stability  which  is  required  to  meet  the  peculiar 
conditions  of  the  exposure.  If  the  engineer,  for  any  reason,  has 
erred  in  judgment  by  assuming  too  steep  slopes,  the  action  of  the 
sea  revises  his  calculations,  and,  beyond  the  possibility  of  mis¬ 
take,  corrects  the  error.  It  is  evident  that  by  this  method  the 
minimum  volume  of  section,  and  consequent  maximum  economy 
of  cost,  consistent  with  required  stability  is  obtained. 

By  the  time  the  entire  breakwater  has  been  completed  to  the 
height  of  the  base  of  the  superstructure,  an  opportunity  has  been 
given  this  part  of  the  work  to  thoroughly  settle,  so  as  to  be  in 
condition  to  receive  the  construction  of  the  superstructure,  which 
is  not  undertaken  until  a  condition  of  stable  equilibrium  has 
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been  attained  by  the  substructure,  and  its  upper  surface  carefully 
levelled  to  receive  the  superimposed  mass. 

The  superstructure,  in  the  most  recent  types  of  American 
random-stone  breakwaters,  consists  of  rough,  strong  walls  upon 
the  sea  and  harbor  bices  of  the  work,  built  of  larger  stone 
systematically  placed,  so  as  to  secure  a  strong  bond;  the  space 
between  these  walls  being  filled  with  stone  varying  in  size  so  as 
to  form  a  compact  mass  without  large  interstices.  This  part  of 
the  work  requires  the  use  of  powerful  derricks  for  handling  and 
properly  placing  the  large  stone  constituting  its  mass.  Under 
the  methods  above  outlined,  the  several  widths  of  deposits  for 
the  random  stone  are  marked  by  carefully  placed  ranges,  and 
within  their  limits  all  material  is  strictly  deposited.  In  this 
respect  the  practice  now  varies  greatly  from  that  of  former  times, 
when  wide  latitude  was  given  to  the  areas  upon  which  the  stone 
was  initially  deposited  in  the  efforts,  then  in  vogue,  to  form 
predetermined  slopes  through  the  deposit  of  stone  directly  upon 
such  slopes. 

Until  later  times  it  has  been  the  practice  to  transport  the  stone 
to  the  site  of  the  work,  upon  sailing  vessels,  deck-scows,  barges 
or  any  other  available  means  of  water  transportation  :  this  neces¬ 
sarily  resulted  in  more  or  less  of  a  haphazard  method  of  dis¬ 
charge  and  deposit,  arising  from  the  fact  that  the  vessels  used 
were  not  fitted  with  machinery  and  appliances  for  quickly  and 
accurately  placing  the  stone  in  the  work.  Such  methods  un¬ 
questionably  resulted  in  considerable  waste  of  material  through 
its  not  being  deposited  exactly  upon  intended  areas. 

Under  the  methods  now  in  operation  upon  the  new  breakwater 
for  a  National  Harbor  of  Refuge  in  Delaware  Bay,  the  material 
below  the  assumed  plane  of  rest,  as  well  as  a  part  above  this 
plane,  is  transported  to  the  work  in  dump  scows  of  1,400  tons 
capacity,  and  specially  arranged  construction,  whereby  the  entire 
load  of  such  scows  is  released  at  once,  and,  without  the  interven¬ 
tion  of  labor  or  machinery,  deposited,  en  masse,  through  the  bottom 
of  the  scows  directly  upon  the  width  of  section  on  which  the 
material  is  desired.  Besides  ensuring  accuracy  of  deposit,  the  abol¬ 
ishment  of  the  former  large  element  of  hand-labor  in  the  dis¬ 
charge  of  stone,  permits  the  unloading  of  these  scows  during  a 
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rough  condition  of  the  sea,  when  under  past  methods  it  would 
have  either  been  impracticable,  or  if  attempted,  resulting  in  an 
uncertain  and  unsatisfactory  deposit  of  the  material  upon  areas 
probably  somewhat  removed  from  those  on  which  the  stone 
should  have  been  deposited.  The  remainder  of  the  plant  for  the 
delivery  of  the  stone  in  the  new  breakwater  consists  of  large  sea¬ 
worthy  barges,  of  1,500  tons  capacity  each,  provided  with  powerful 
steam  derricks,  capable  of  handling  15  tons,  for  quickly  and  cer¬ 
tainly  placing  the  stone  at’desired  points. 

The  breakwater  for  the  National  Harbor  of  Refuge  in  Delaware 
Bay,  which  is  now  in  progress,  a  section  of  which  is  shown  below, 
is  located  outside  of,  and  nearly  24  miles  north  from,  the  exist¬ 
ing  breakwater.  It  is  placed  in  water  from  1 3  to  53  feet  deep, 
has  a  length  of  about  1  b  miles,  and  covers  a  protected  anchorage, 
against  the  heaviest  storms,  of  552  acres  with  a  minimum  depth 
of  30  feet,  and  an  additional  area  of  237  acres  with  a  minimum 
depth  of  24  feet.  These  combined  areas  would  give  free  and 
good  anchorage  to  more  than  1,000  vessels.  The  work  is  esti- 
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Section  of  New  Delaware  Breakwater. 


mated  to  contain  1,384,000  net  tons  of  stone,  and  will  cost,  with 
the  projected  ice  piers,  probably  about  $2,500,000.  Although  only 
commenced  during  the  present  season,  the  specifications  for  the 
work  require  its  completion  by  December  31,  1901,  through  the 
annual  deposit  of  about  280,000  tons  of  stone.  Since  the  preva¬ 
lence  of  severe  or  stormy  weather  practically  reduces  the  working 
season,  available  for  depositing  material  in  this  breakwater,  to 
about  seven  months  for  each  year,  it  follows  that  an  average  output 
of  40,000  tons  per  month  must  be  provided  for  by  the  contractor. 
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The  work  is  being  executed  at  this  rate,  which  is  far  beyond  any¬ 
thing  ever  before  attained  in  earlier  breakwater  construction. 


Structure  of  New  Delaware  Breakwater. 


The  average  price  paid  for  stone  in  the  old  Delaware  Break¬ 
water  was  about  $2.50  per  gross  ton.  Under  the  existing  contract 
for  the  construction  of  the  new  breakwater,  which  covers  the 
entire  completion  of  the  work,  the  price  is  $1.18§  per  net  ton. 
The  proposed  breakwater  for  the  projected  Deep  Water  Harbor 

at  San  Pedro,  California,  a  section  of  which  is  shown  below,  is 
» 

located  in  water  from  19  to  51  feet  deep.  It  has  a  projected 
length  of  8,500  feet,  and  covers  an  anchorage  area  of  615  acres,  with 
depths  varying  between  24  and  36  feet.  The  work  is  estimated 
to  contain  1,782,000  cubic  yards  of  stone,  or  2.290,000  gross  tons 
The  material  in  the  substructure  below  the  plane  of  rest  is  esti¬ 
mated  at  $1.25  per  cubic  yard;  that  above  the  plane  of  rest  at 
$1.50  per  cublic  yard  ;  and  the  stone  in  the  superstructure  at  $3.00 
per  cubic  yard.  The  entire  estimated  cost  of  the  work,  including 
contingencies,  is  $2,901,000. 

The  National  Harbor  of  Refuge  at  Sandy  Bay,  Mass.,  a  section 
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Section  of  Proposed  Breakwater,  San  Pedro,  Cal. 
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of  which  is  shown  below,  was  commenced  in  1885,  and  is  still  in 
progress.  It  has  a  projected  length  of  9,000  feet,  and  covers  an 
anchorage  area  of  1,377  acres,  carrying  a  mean  low-water  depth  of 
24  feet  and  over.  The  material  below  the  plane  of  rest,  which  in 
this  case  has  been  assumed  at  15  feet  below  water  surface,  consists 
of  stones  not  exceeding  4  tons  in  weight;  while  the  portion  above 
low  water  requires  stone  not  less  than  4  tons  and  averaging  6 
tons  in  weight.  The  contract  prices  paid  for  the  stone  already 
deposited  in  the  work  have  been  from  60  to  75  cents  per  net  ton. 
The  larger  stone  comprising  the  superstructure  will  greatly 
exceed  the  foregoing  prices:  the  proximity  to  the  work  of 
large  granite  quarries  has  permitted  the  exceptionally  low 
prices  paid  for  the  stone.  The  estimated  cost  of  the  entire  pro¬ 
ject  is  85,000,000. 


_  $ 

to 


Section  of  Sandy  Bay  Breakwater. 

The  breakwater  at  Point  Judith,  R.  I.,  a  section  of  which  is 
here  shown,  was  commenced  in  1890,  and  is  still  in  progress. 
It  has  a  proposed  length  of  about  10,000  feet,  including  an  aux¬ 
iliary  breakwater  protecting  one  of  the  entrances  to  the  harbor. 
The  protected  area,  carrying  18  feet  depth  and  over,  is  about  one 
square  mile.  The  work  is  built  in  water  from  18  to  30  feet  deep 
and  its  estimated  cost  is  81,-50,000.  In  1893  the  government 
contracted  for  the  entire  completion  of  the  work  at  the  rate  of 
81.28  per  net  ton  for  all  stone  required. 

By  way  of  comparison,  the  following  sections  of  European 
breakwaters  illustrate  the  difference  between  American  and 
European  practice  in  the  construction  of  random-stone  break¬ 
waters,  as  well  as  the  marked  variation  in  the  active  slopes  of 
16 
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such  works.  It  should  not  be  too  strongly  assumed  that  slope 
variations  are  due,  in  all  cases,  to  corresponding  differences  in 
the  forces  impressed  upon  the  active  slopes;  since  such  variations 
are  partly  due  to  preconceived  ideas  as  to  the  necessities  of  the 
case,  the  dimensions  of  the  stone  used,  and  the  methods  by  which 
the  slopes  were  formed. 


Section  of  Point  Judith  Breakwater. 

In  addition  to  the  constructions  upon  the  American  ocean  coast 
before  referred  to,  random-stone  breakwaters  exist  at  Glocester 
and  Hyannis  harbors,  Mass.,  and  at  Stonington  and  New  Haven, 
Conn.  These  breakwaters  are  only  typical  of  their  localities 
since  they  are  not  designed  to  cover  areas  which  would  give 
protection  to  the  larger  class  of  ocean  vessels,  but  rather  to  the 
coastwise  commerce  of  their  vicinities. 


Plymouth,  England. 


Holyhead,  Wales. 


All  breakwater  construction  in  this  country  has  been  carried 

«/ 

on  under  governmental  appropriations  made  by  Congress  at 
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intervals  of  one  or  two  years.  The  separate  appropriations  were 
seldom  more  than  five  or  ten  per  cent,  of  the  estimated  cost  of  the 
work,  and  until  recently  competitive  bids  were  received,  and  con¬ 
tracts  entered  into,  for  the  expenditure  of  each  specific  appropria¬ 
tion.  Under  this  system  each  contractor  was  obliged  to  add  to  the 
cost  of  the  work,  and  thereby  to  its  cost  to  the  government,  the 
initial  expenses  of  obtaining  and  opening  quarries,  and  providing 
the  special  plant  required,  and  with  each  change  ot  contractors 
the  government  paid  for  the  expense  of  organizing,  fitting  out, 
and  starting  another.  Under  the  limited  tenure  with  which  the 
contractor  held  the  work,  it  was  impracticable  for  him  to  adopt 
methods  and  appliances  upon  a  scale  large  enough  to  permit  the 
work  being  carried  on  with  economy  to  the  contractor,  and  con¬ 
sequent  advantage  to  the  government. 


Portland,  England. 


Cherbourg,  France. 


In  a  construction  of  the  magnitude  of  the  breakwaters  de¬ 
scribed,  involving  the  quarrying,  handling,  transportation,  and 
deposit  of  several  million  tons  of  stone,  it  is  evident  that  the 
work  can  be  most  economically  accomplished  when  the  amount 
to  be  done  under  a  specific  contract  is  so  large  as  to  justify  such 
an  initial  outlay  for  facilities  and  plant,  as  will  permit  the  work 
to  be  carried  on  upon  a  large  scale.  This  has  been  rendered 
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possible  upon  the  Point  Judith  breakwater,  and  also  upon  the 
new  breakwater  in  Delaware  Bay,  by  Congress  providing  for  a 
single  contract  for  the  entire  work  at  each  locality,  under  large 
annual  appropriations,  whereby  the  works  can  be  completed  in 
about  five  years.  By  this  plan,  the  contractor  is  justified  in  pro¬ 
viding  appliances  and  methods  for  carrying  on  the  work  upon  a 
scale  which  could  not  be  approximated  under  the  former  method 
of  separate  contracts  for  each  specific  appropriation.  The  result¬ 
ing  economy  to  the  government  is  evidenced  by  the  fact  that, 
under  the  former  methods  of  contract,  the  average  price  of  stone 
deposited  in  the  old  Delaware  Breakwater  was  about  $2.50  per 
ton,  and  that  delivered  during  the  last  thirteen  years  about  $2.30 
per  ton ;  whereas  the  work  now  in  progress  upon  the  new  break¬ 
water,  at  nearly  the  same  locality,  costs  the  government*  under 
the  method  of  continuous  contract,  $1.18J  per  ton,  or  a  saving 
over  former  prices  of  nearly  50  per  cent. 

Harbors  of  refuge  are  but  seldom  used  by  the  larger  class  of 
ocean  steamers,  for,  unless  disabled  by  accident,  they  are  gen¬ 
erally  competent  to  pursue  their  way  during  a  storm,  or  else  ride 
out  a  gale  in  the  open  sea,  with  comparative  safety  ;  and  unless 
engaged  in  the  coastwise  trade,  they  would  seldom  be  in  a  posi¬ 
tion  to  avail  themselves  of  the  protection  of  a  harbor  of  refuge, 
even  if  it  was  desired.  With  sailing  vessels,  or  steamers  carry¬ 
ing  barges  in  tow,  and  coastwise  commerce,  such  harbors  are  of 
the  greatest  utility,  and  they  are  placed  at  localities  which  make 
them  most  convenient  of  access  to  this  class  of  commerce  when 
approaching  or  leaving  our  ocean  coast.  During  head  winds,  or 
upon  the  announcement  of  dangerous  approaching  storms,  the 
sailing,  barge  and  coastwise  commerce  have  great  need  for  har¬ 
bors  of  refuge  and  they  are  utilized  to  their  full  value. 

DISCUSSION. 

John  Birkinbine,  Jr. — This  able  and  thorough  paper  upon  the  con¬ 
struction  of  breakwaters  is  entitled  to  a  full  discussion,  which  unfortu¬ 
nately  I  am  not  in  condition  to  undertake,  but  will  confine  my  participa¬ 
tion  to  the  presentation  of  a  suite  of  photographs,  showing  the  completed 
portion  of  the  breakwater  at  the  harbor  of  Marquette,  Michigan,  on  Lake 
Superior. 


Phi  la.,  1897,  XIV,  3.]  Discussion — Breakwater  Construction.  225 

The  design  of  this  breakwater  was  brought  to  the  notice  of  the  Club 
two  years  ago,  and  a  cross-section  of  it  appeared  on  page  316,  vol.  xii 
(1895-6).  The  original  breakwater,  which  has  a  length  of  300  feet,  con¬ 
sisted  of  a  series  of  cribs,  filled  with  stone,  and  the  superstructure  of  this  has 
been  removed  for  the  renewed  portion  to  a  depth  of  two  feet  below  mean 
water  level,  and  upon  this  a  series  of  concreted  blocks  have  been  moulded 
in  place,  the  blocks  being  the  full  cross  section  of  the  superstructure,  and 
ten  feet  in  width.  During  the  construction  of  this  breakwater,  a  storm 
of  unusual  severity  prevailed,  and  although  some  of  these  blocks  were 
but  two  days  old,  and  stones  were  constantly  hurled  against  them  by  the 
waves,  there  was  no  indication  of  damage,  except  slight  surface  abrasion. 
Some  of  the  photographs  illustrate  dimensions  of  the  waves,  which,  on 
Lake  Superior,  sometimes  rival  those  of  the  ocean.  An  instance,  illustra¬ 
ting  this,  may  be  given.  A  young  man,  standing  on  Presque  Isle,  which 
defines  the  north  shore  of  Marquette  harbor,  near  the  face  of  a  cliff  about 
50  feet  high,  was  overwhelmed,  carried  out  into  the  lake,  and  drowned  by 
the  action  of  the  waves  breaking  upon  this  cl  iff.  Other  illustrations  show 
the  conditions  during  the  severe  winter  weather, when  the  breakwater  has 
been  covered  with  ice  in  masses,  and  in  fantastic  forms  without  serious 
injury. 

Another  photograph,  taken  in  January,  1897,  with  the  temperature  18° 
below  zero,  graphically  shows  the  vaporization  at  the  surface  of  the  lake. 

This  concrete  breakwater  was  constructed  bv  Mr.  Clarence  Coleman, 
Assistant  United  States  Engineers,  from  plans  drawn  by  Major  Searles, 
United  States  Army,  and  would  seem  to  offer  an  excellent  opportunity  to 
determine  the  value  of  concrete  monoliths  moulded  in  place  for  break¬ 
waters. 

I  thoroughly  agree  with  Mr.  Schermerhorn  in  the  views  which  he  has 
expressed,  concerning  the  marked  economy  which  is  directly  creditable 
to  the  adoption  of  continuous  contracts  in  government  work.  This  cer¬ 
tainly  has  been  of  material  service  in  advancing  the  river  and  harbor 
improvements  on  the  great  lakes. 

James  Christie. — For  submarine  work  of  this  character,  in  localities 
where  stone  is  not  readily  obtained,  would  it  not  be  practicable  to  use 
sand,  with  a  binding  material  of  twigs  or  brush,  such  as  was  used  in  the 
Mississippi  jetties  ?  This  was  an  art  practised,  we  are  told,  by  the  ancient 
Egyptians.  We  know,  by  experience  on  our  seacoast,  how  effectively  a 
mass  of  brush,  filled  with  sand,  has  resisted  storms,  which  played  havoc 
with  heavy  masses  of  concrete,  as  illustrated  at  Atlantic  City  a  few  years 
ago. 

It  may  become  a  problem  how  to  secure  large  quantities  of  cheap  ma- 
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terial , if  sundry  projects,  seriously  proposed,  should  attain  a  more  definite 
stage.  Amongst  others,  a  dam  at  the  straits  of  Belle  Isle,  and  connecting 
Labrador  with  Newfoundland,  has  been  considered,  the  object  being  to 
deflect  the  arctic  current  oceanward.  This  work,  if  ever  consummated, 
might  profoundly  modify  the  climate  of  the  British  maritime  provinces 
as  well  as  our  New  England  coast. 

Mr.  Schermerhorn. — The  use  of  brush  in  sea  waters  would  be  im¬ 
practicable  unless  the  brush  was  sunk  in  the  sand  so  that  the  sea  worm 
could  not  destroy  it.  In  waters  south  of  Boston  it  could  not  be  used. 
Brush  placed  in  the  base  of  a  breakwater,  where  the  water  was  30  to  40 
feet  deep  would  be  so  compressed  by  the  weight  of  the  superimposed  stone 
that  it  would  be  a  question,  so  far  as  volumes  are  concerned,  whether  the 
brush,  no  matter  what  the  price  paid  for  it,  would  not  still  be  more  ex¬ 
pensive  than  stone.  Beyond  the  districts  in  which  the  stone  can  be  easily 
and  cheaply  obtained,  artificial  stone,  or  concrete  blocks  will  be  next  in 
cheapness. 

Edgar  Marburg. — I  wish  to  ask  Mr.  Schermerhorn  whether  any 
experiments  have  been  made  with  a  view  to  determining  how  the  impact 
of  waves  is  influenced  by  variations  in  the  size  and  form  of  the  resisting 
surfaces.  I  remember  that  some  years  ago,  in  connection  with  the  de¬ 
sign  of  the  Diamond  Shoals  lighthouse  off  Cape  Hatteras,  a  discussion 
as  to  the  relative  effect  of  the  wave  forces  on  plane  and  cylindrical  sur¬ 
faces  showed  great  differences  of  opinion. 

Again,  is  it  the  usual  Government  practice,  in  inviting  bids  on  sub¬ 
aqueous  constructions,  to  furnish  data  as  to  depths,  etc.,  which  are  not 
guaranteed,  but  which  the  bidder  must  either  accept  at  his  own  risk  or 
verify  at  his  own  expense?  I  remember  that,  in  the  case  of  the  light¬ 
house  just  referred  to,  the  contractor  found  the  conditions  at  the  site  radi¬ 
cally  different  from  those  indicated  on  the  maps  previously  furnished  him 
as  a  basis  for  his  bid,  and  lhat  he  had  afterwards  no  redress  in  the  matter. 

I  wish  to  inquire  further,  whether,  in  the  case  of  masonry  exposed  to 
wave  action,  it  does  not  sometimes  happen  that  stones  on  the  side  of  the 
open  sea  are  forced  outward  as  the  result  of  unbalanced  air  pressure  due 
to  the  formation  of  a  partial  vacuum  by  the  retreating  wave? 

Mr.  Schermerhorn. — As  to  the  data  furnished  in  specifications  the 
rule  is  almost  invariably  this:  The  attention  of  the  bidder  is  called  to  the 
fact  that  he  must  verify  all  data,  and  I  do  not  think  that  any  responsi¬ 
bility  is  assumed  by  the  Government  for  defective  information.  They 
furnish  the  most  recent  surveys,  and  such  physical  data  as  the  office  can 
supply,  but  the  contractor  must  assure  himself  as  to'  its  reliability.  As 
to  the  character  of  the  data  furnished  to  bidders  at  Cape  Hatteras  it  was 
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a  matter  of  comment  that  the  surveys  were  perhaps  ten  or  twelve  years 
old.  At  all  events  there  was  more  water  on  the  site  of  the  proposed  light¬ 
house  than  the  surveys  showed,  and  there  was  no  opportunity  to  get  the 
foundation  down  in  this  deeper  water  before  a  storm  swept  it  away. 

As  to  the  impulsive  force  of  wave  action  I  do  not  think  there  are  many 
data  beyond  the  experiments  of  Stevenson  on  that  subject.  Engineers 
nowadays  would  not  value  abstract  calculations  very  much.  I  think 
they  would  rely  more  on  experience.  In  fact  the  whole  question  is  an 
obscure  one.  What  shall  we  say  of  this  force  which  presses  back  the 
dynamometer  6,000  pounds?  Does  it  mean  that  the  wave  struck  with  a 
force  that  asserted  an  absolute  push  of  6,000  pounds  ?  I  must  confess  that  I 
do  not  accept  that  view.  At  best  it  is  only  a  measure  of  the  comparative 
forces  of  waves  at  different  points.  At  Oswego  most  confusing  results 
were  obtained.  A  storm  would  pass  over  the  dynamometers  from  which 
oue  might  expect  a  register  of  2,000  or  3,000  pounds.  In  some  such  cases 
they  did  not  register  20  pounds.  In  other  cases  where  the  waves  were  not 
as  high,  records  of  larger  pressure  were  obtained.  My  conclusions  were 
that  the  wave-force  was  confined  to  a  very  limited  depth.  Referring  to 
the  removal  of  stones  from  a  sea  wall  by  wave  action  I  witnessed  this 
force  in  a  marked  way.  At  Oswego  a  sea  wall  had  been  built.  It  was 
of  hammer  faced  granite  with  close  joints,  and  the  stone  not  only  with 
dressed  faces  but  with  upper  and  lower  and  end  joints  thoroughly  dressed. 
The  wall  was  exposed  to  the  sea  at  every  gale.  The  stone  which  was  removed 
was  about  5  feet  in  length  and  2  feet  in  height.  It  had  a  superficial  face 
of  about  10  square  feet.  When  I  first  noticed  the  stone  it  was  withdrawn 
from  the  wall  one-half  inch,  and  later  11  inches.  The  stone  was  finally 
entirely  withdrawn  from  the  wall.  The  only  explanation  I  can  offer  is 
this:  the  vertical  joint  at  one  end  was  defective  through  the  mortar  be¬ 
ing  washed  out.  As  the  sea  beat  against  the  wall  the  water  was  driven 
into  this  narrow  joint  and  finding  a  vacancy  at  the  back  of  the  stone,  the 
stone  was  pushed  out  by  hydraulic  pressure.  It  was  not  an  infrequent 
case  for  the  stones  to  be  bodily  thrown  entirely  off  such  structures.  Very 
great  care  must  be  taken  with  joints  where  masonry  breakwater  superstruc¬ 
ture  is  used.  In  some  types  of  breakwaters  immense  blocks  of  concrete 
have  been  used.  The  blocks  are  laid  upon  the  sloping  system  with  tongues 
and  grooves  which  joint  them  together.  It  is  necessary  to  guard  against 
air  spaces,  however,  for  if  such  spaces  are  left  in  the  work  the  waves 
driving  in  upon  air  spaces  would  impress  themselves  upon  all  the  air 
spaces  in  the  vicinity  and  possibly  result  in  forcing  the  stone  out  of  place. 

Mr.  Christie. — Did  those  large  blocks  of  concrete  of  which  you  speak 
form  the  upper  work  at  Wick  Bay  breakwater? 
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Mr.  Schermerhorn. — The  special  stone  to  which  I  referred  was  at  the 
end  of  the  breakwater.  Breakwater  ends  are  exposed  to  very  much 
greater  force  than  the  other  parts  of  the  work. 

Walter  L.  Webb. — Can  you  remember  the  figures  in  regard  to  the 
movement  of  the  breakwater  at  Oswego  ?  I  remember  some  calculations 
made  as  to  the  force  required  to  move  it. 

Mr.  Schermerhorn. — That  was  an  interesting  case,  but  its  details  have 
passed  from  my  memory,  beyond  the  fact  that  a  part  of  the  timber  and 
stone  breakwater  was  bodily  moved  upon  its  base  by  the  action  of  the 
waves;  this  displacement  covered  several  hundred  linear  feet  of  the 
breakwater. 

Prof.  Webb. — The  particular  point  of  failure  to  which  I  was  referring 
was  that  a  portion  of  that  crib  was  driven  in  several  feet. 

Mr.  Schermerhorn. — In  the  case  to  which  you  refer  cribs  40  feet 
deep  and  30  feet  wide  were  pushed  bodily  in  by  the  sea  a  foot  or  two  from 
their  original  position.  They  are  probably  in  that  condition  to-day. 
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XIII. 


SOME  FEATURES  OF  STONE  ROAD  CONSTRUCTION. 

By  Benjamin  Franklin,  Active  Member. 

Read  November  6,  1897. 

The  subject  of  road  construction  lias  been  so  thoroughly  ven¬ 
tilated  during  the  past  few  years,  and  has  shown  such  rapid  im¬ 
provement  in  method  and  result,  that  the  writer  approaches  it 
with  great  hesitation. 

From  his  own  experience  covering  a  territory  largely  diversi¬ 
fied  in  conditions  and  soil,  he  has  found  conflicting  theories  and 
practices  among  both  scientific  and  “  practical  ”  men,  and  it  is 
more  with  a  view  to  inviting  discussion  on  a  few  points*  rather 
than  advocating  special  practice  that  this  paper  has  been  pre¬ 
pared. 

Where  private  parties  and  corporations  are  not  concerned,  the 
construction  of  a  road,  aside  from  the  absolutely  necessary  feat¬ 
ures  and  details,  is  influenced  by  the  amount  of  money  available 
and  by  political  conditions.  It  is  a  debatable  question  which  of 
these  two  is  the  more  important,  since  “politics”  frequently 
controls  specifications  and  superintendence,  making  necessary  an 
extreme  degree  of  tact  and  firmness  on  the  part  of  the  engineer 
in  dealing  with  contractors  and  public  officials,  whose  selfish  in¬ 
terests  are  at  variance  with  thorough  work. 

The  points  of  this  subject  which  will  be  discussed  are:  (1)  The 
use  of  clay  or  loam  as  a  “binder”  on  stone  roads;  (2)  The  thick¬ 
ness  of  stone  roads;  (3)  The  comparative  merits  of  Macadam 
and  Telford  roads. 

The  specifications  of  the  state  of  New  Jersey,  the  city  of  Phila¬ 
delphia  and  of  many  townships  and  municipalities  of  both  this 
and  the  neighboring  states  permit  the  use  of  clay,  gravel  and 
loam  for  binding  purposes.  It  is  also  stated  that  French  en¬ 
gineers  use  in  their  stone-road  specifications,  clay,  varying  in 
proportion  from  6  to  20  per  cent.;  and  the  practice  among  our 
own  engineers  and  contractors  is  so  general  that  even  with  the 
insertion  of  a  prohibitory  clause  in  the  specifications  it  is  ditli- 
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cult  to  prevent  its  use.  As  a  binder,  clay  possesses  two  prominent 
disadvantages :  it  is  a  lubricant,  reducing  friction  between 
stones,  and  it  also  absorbs  a  large  percentage  of  moisture,  chang¬ 
ing  in  bulk  and  consistency  under  varying  conditions  of  weather 
and  temperature. 

Used  as  a  surface  binder,  as  the  Philadelphia  specifications 
permit,  it  quickly  makes  a  road  muddy  after  a  storm,  causing 
ruts  in  spring  and  dust  in  summer. 

Macadam  so  thoroughly  understood  these  disadvantages,  that 
he  declared  he  would  have  no  more  clay  or  loam  on  his  work 
than  a  mason  would  have  in  his  mortar,  claiming  that  it  made 
the  road  more  pervious  to  water. 

From  a  contractor’s  standpoint,  however,  the  use  of  clay  or 
loam  is  an  excellent  practice.  It  “  packs”  well  and  quickly  and 
saves  rolling,  giving  to  a  road  when  first  built  a  smoothness  and 
finish  at  comparatively  slight  cost. 

Again  it  is  a  very  good  adulterant,  and  this,  the  writer  believes, 
constitutes  one  of  the  most  important  objections  to  its  use.  Every 
cubic  foot  of  foreign  material  used  on  a  road  means  a  saving  of 
good  pure  stone  or  metal  which  should  go  there,  and  which 
would  always  present  a  uniform  homogeneous  surface  to  wear.  It 
is  barely  possible  that  a  little  might  not  be  objectionable,  but  the 
tendency  of  the  contractor  is  to  use  it  with  great  freedom  of 
judgment. 

We  believe  that  with  its  use,  a  road  rapidly  deteriorates,  has  a 
tendency  to  rut,  is  more  easily  affected  by  frost,  and  in  wet 
seasons  absorbs  moisture,  which  by  percolating  to  the  founda¬ 
tion,  makes  this  more  unstable. 

The  use  of  unassorted  stone,  not  too  large  or  hard,  and  with  a 
sufficient  amount  of  chips  and  screenings  to  fill  voids,  and  with 
proper  wetting  and  rolling  during  construction,  will,  we  claim, 
give  a  firm,  solid  road,  and  one  that  will  be  drier  in  wet  weather, 
wear  longer,  and  give  more  satisfaction  in  all  seasons  than  any 
in  which  foreign  material  has  been  used. 

In  the  early  days  of  stone-road  building  a  thickness  of  20 
inches  or  2  feet  was  considered  necessary  for  ordinary  travel. 
Experience  afterwards  reduced  this  to  12  or  15yinches. 

At  present,  with  the  use  of  heavy  steam-rollers,  excellent  and 


Phila.,  1897,  XIV,  3.]  Franklin — Stone  Road  Construction.  ‘231 

economical  roads  of  only  6  or  8  inches  can  be  built  upon  well- 
drained  earth  foundations, — although  the  majority  of  engineers 
and  contractors  still  advise  the  greater  depth. 

It  seems,  however,  to  be  a  question  of  wise  economy,  for  it  has 

been  proved  that  upon  a  bed  of  proper  character,  a  core  of  coarse 

sand  or  fine  gravel  will  be  mechanically  as  serviceable  as  the 

most  costly  stone  foundation.  A  core  made  of  materials  of  this 

character,  when  covered  with  a  layer  of  thoroughly  compacted 

stone  of  only  4  or  G  inches  thick,  will  form  a  firmer  and  more 

lasting  surface  than  a  much  greater  thickness  of  stone  road  laid 

in  the  ordinarv  manner. 

«/ 

If  then  it  can  be  shown  by  experience  that  with  proper  con¬ 
struction,  light  stone  roads  give  excellent  practical  results,  what 
is  the  use  of  burying  several  inches  of  good  stone  in  unnecessary 
foundation  and  retarding  through  ignorant  extravagance,  road 
development  and  improvement? 

According  to  the  report  of  the  County  engineer  embodied  in 
the  State  Commissioner’s  report  there  are  at  present  106  miles  of 
4  and  6  inch  stone-roads  in  Passaic  County,  N.  J.,  which  were 
never  in  better  condition  than  at  present. 

In  Morris  and  Essex  counties  of  the  same  State,  and  also  in 
Connecticut,  chiefly  near  Bridgeport,  there  have  been  built  a  num¬ 
ber  of  roads  of  a  similar  character  which  show  favorable  records. 

In  localities  in  which  stone  is  plenty  and  can  be  economically 
handled  and  prepared,  it  is  probably  the  cheapest  material  for  use 
in  foundations.  Where  however  both  the  bottom-stone  and  metal¬ 
ing  are  difficult  to  procure,  to  reduce  the  cost  of  road  improve¬ 
ment  so  as  to  obtain  the  greatest  practical  good  from  limited 
appropriations  becomes  a  nice  problem. 

The  first  requisite  is  good  drainage,  both  for  the  surface  and 
foundation  of  the  road.  Beyond  this  the  essentials  are  a  surface 
that  will  hold  compactly  together  and  will  not  break  through 
under  heavy  loads;  a  metal  of  the  quality  offering  the  best 
resistance  to  wear;  and  a  bed  shaped  to  correspond  with  the 
desired  surface. 

In  stiff  clay  soils,  first-class  road  foundation  can  be  made  when 
coarse  sand  or  fine  gravel  can  be  economically  obtained  by  ex¬ 
cavating  the  roadbed  to  a  depth  of  not  less  than  5  or  G  inches 
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below  the  sub-grade  and  filling  in  with  this  material  thoroughly 
compacted  and  rolled.  In  localities  where  these  materials  are 
not  at  hand,  good  results  can  he  obtained  by  laying  a  light  stone 
covering  on  a  bed  underdrained  by  tile  laid  parallel  with  the 
axis  of  the  road,  and  at  a  depth  regulated  by  its  width,  care 
being  taken  that  the  filling  in  over  the  tile  be  done  with  porous 
materials,  that  the  cross  drains  are  properly  placed  and  that  the 
side  gutters  are  not  neglected. 

About  two  years  ago  the  writer  was  requested  to  draw  up  spe¬ 
cifications  and  superintend  the  building  of  a  4  inch  stone  road,  on 
a  clav  soil  of  such  a  character  that  in  wet  weather  he  had  fre- 
quently  seen  lightly  loaded  carts  and  wagons  mired  in  it.  Yet 
the  road  has  very  successfully  passed  through  a  winter  under 
extremely  trying  conditions,  and  bears  very  favorable  comparison 
with  a  10  inch  road  in  the  same  neighborhood  only  a  few  months 
old — a  fact  which  he  deems  due  wholly  to  the  use  of  sand  for  a 
foundation,  and  the  absence  of  clay  as  a  binder. 

Sandy  districts  possess  natural  advantages,  and  if  proper  atten¬ 
tion  be  given  to  the  side  gutters,  and  the  sandy  bed  confined,  the 
very  best  results  will  here  be  obtained  from  light  stone  roads. 

In  the  writer’s  opinion  the  best  road  foundation  is  clean  coarse 
sand,  as  it  not  only  changes  its  bulk  least  under  extreme  conditions 
of  moisture  and  temperature,  but  it  acts  as  a  cushion  for  the 
metal  covering,  making  its  surface  more  elastic  and  less  liable 
to  rut. 

Generally,  in  localities  in  which  this  character  of  soil  is  found, 
road  stone  of  any  kind  is  difficult  to  obtain  ;  and  it  is  here  one 
would  expect  to  find  the  art  of  light  road  building  carried  to 
perfection,  but  it  is  an  anomalous  condition  that  as  yet  we  have 
not  been  able  to  discover  in  any  such  locality  a  4  or  6  inch  road 
more  than  three  years  old. 

The  writer  knows  that  3  inches  of  well-rolled  macadam  on  a 
sandy  bottom  will  resist,  without  breaking  through,  the  pressure-, 
of  a  narrow  tire  wagon,  weighing  with  its  load  not  less  than  five 
tons. 

In  the  matter  of  good  roads,  Xew  Jersey  is  one  of  the  most 
progressive  States  in  the  Union.  During  the  past  six  years  it 
expended  over  $1,500,000  for  that  purpose  upon  a  total  of  300 
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miles.  Quoting  from  the  report  of  its  State  Commissioner  of 
Public  Roads  (Mr.  Henry  I.  Rudd)  for  1896  : 

“  Experience  has  taught  that  a  traffic-worn  macadam  road  will 
stand  up  when  only  3  or  4  inches  thick.  It  is  therefore  demon¬ 
strated  that  when  good  economy  is  necessary,  4  to  10  inches  is 
sufficient  according  to  location  and  foundation.” 

Mr.  James  B.  Orcutt,  discussing  this  matter  in  his  “  Move  for 
Better  Roads,”  maintains  that  a  layer  of  clean  sand  or  gravel  is 
better  and  frequently  cheaper  than  a  foundation  of  stone. 

In  order  to  obtain  expert  information  on  this  branch  of  the 
subject,  inquiries  have  been  addressed  to  Mr.  William  L.  Whit¬ 
more,  Engineer  of  Passaic  County,  X.  J.,  whose  district  covers  over 
100  miles  of  4  and  6  inch  roads,  who  has  courteously  furnished 
the  following  replies : 

(1)  What  is  the  character  of  the  sub-soil  in  Passaic  County,  on 
which  4  and  G  inch  roads  are  built?  “Clay  and  sand." 

(2)  Do  you  make  a  special  foundation  of  sand  or  gravel  ?  “  Xo. 
The  sub-soil  is  shaped  to  conform  to  the  finished  roadway,  and 
thoroughly  rolled  with  a  three-ton  roller.” 

(3)  What  is  the  character  of  the  traffic?  “  Our  roads  are  sub¬ 
jected  to  all  kinds  of  vehicles,  from  heavy  trucks  to  light  road 
wagons.  A  great  many  of  our  streets  are  paved  with  4  inch  mac¬ 
adam  only.” 

(4)  What  is  the  quality  of  the  stone  used  ?  “  Trap  rock. 

(Bergen  Hill?) ” 

(5)  Do  4  inch  roads  require  more  annual  repair  or  need  special 
watching  at  critical  seasons?  “Unless  destroyed  by  freshets  or 
washouts,  4  inch  macadam  roads  will  stand  three  years  without 
repairing.” 

(6)  What  is  the  oldest  4  inch  road  in  your  district?  What 
repairs  has  it  had?  “  We  built  our  first  macadam  road  in  1888, 

.  no  repairs  were  made  to  it  except  in  a  few  places  until  this  year 
(1896),  when  we  top-dressed  it  with  2  inches  of  11  inch  broken 
stone,  clay  and  f-inch  screenings.” 

(7)  Do  not  these  roads  frequently  break  through  under  moder¬ 
ately  heavy  travel?  “  Xot  if  they  are  properly  constructed." 

There  are  two  points  in  Mr.  Whitmore’s  practice  to  which  the 
writer,  from  his  own  experience,  takes_ exception.  The  first  is 
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the  neglect  to  specially  prepare  the  roadbed  beyond  shaping  and 
leveling.  Where  the  soils  are  such  as  are  affected  by  frost  and 
moisture,  a  foundation  layer  of  sand  and  gravel  would  obviate 
all  evil  effect. 

Again,  the  argument  advanced  against  the  use  of  clay  as  a 

binder  on  heavy  roads,  holds  with  much  greater  force  when  the 

roads  are  but  half  the  customarv  thickness. 

«/ 

Some  time  ago  the  writer  was  directed  to  build  a  road  for  a 
cemetery  in  one  of  the  interior  towns  of  Pennsylvania,  the  depth 
of  18  inches  being  insisted  upon  by  the  management,  because 
something  substantial  was  wanted.  The  grades  were  heavy,  but 
the  drainage  was  well  cared  for  by  silt  basins  placed  at  short 
intervals.  Almost  immediately  after  its  completion  a  commission 
was  received  to  draw  up  specifications  for  the  construction  of  a 
road  for  another  cemetery  nearer  home,  where  the  conditions  of 
soil  were  the  same.  The  road  as  built  was  8  inches  in  depth; 
the  metaling  selected  trap  rock,  and  in  spite  of  the  efforts  and 
protests  of  the  contractor,  no  clay  was  permitted  to  be  used. 
The  first  road  cost  about  $1.00  per  yard,  and  the  other  5G  cents. 
Early  in  the  following  spring  the  writer  personally  inspected  the 
latter  road,  and  although  the  frost  was  leaving  the  ground  and  a 
very  heavy  rain  had  fallen  on  the  preceding  day,  he  found  the 
road  in  perfect  condition,  and  walked  its  entire  length  dry  shod. 
The  superintendent  stated  that  he  had  just  returned  from  a  drive 
through  several  other  cemeteries,  and  found  his  own  roads  the 
best  among  those  he  had  examined.  As  all  the  roads  were 
drained  in  a  similar  manner  it  seems  evident  that  the  superior¬ 
ity  was  due  to  the  absence  of  clay  as  a  filler  and  binder,  which 
illustrates  the  first  claim  in  road  building.  In  closing  the  expo¬ 
sition  of  this  branch  of  the  subject  it  is  suggested  that  the  speci¬ 
fications  for  light  stone  roads  be  drawn  up  to  cover  the  following: 
The  roadbed  should  be  properly  shaped,  made  of  the  proper 
materials,  well  drained,  and  thoroughly  compacted  by  rolling 
before  any  metal  is  applied.  Use  metaling  composed  of  coarse 
and  fine  stones,  proportioned  to  fill  all  voids. 

Use  clean  binding,  if  possible,  hard  as  the  metal  itself,  in  place 
of  either  filling  or  lubricating  material.  Use  a  steam  roller 
about  10  tons  in  weight,  and  roll  until  water  flushes  on  the 
surface. 
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We  come  now  to  the  last  division  of  the  subject.  When 
localities  within  easy  reach  of  the  best  engineering  talent  still 
build  alternate  sections  of  Telford  and  Macadam  roads  for  the 
purpose  of  determining  by  actual  use  the  superior  qualities  of 
either,  it  is  clear  that  either  their  comparative  merits  have  not 
been  fully  proven,  or  if  they  have,  the  knowledge  has  not  yet 
been  generally  disseminated.  In  cost  the  two  systems  vary  but 
little,  possibly  a  slight  difference  in  favor  of  the  Macadam,  but 
while  in  general  practice  more  of  Telford  roads  are  built,  scien¬ 
tific  thought  and  experience  seem  to  incline  more  towards  the 
Macadam  as  being  the  better  system. 

One  thing  should  be  borne  in  mind  in  making  a  comparison. 
Generally  the  roads  that  are  built  in  the  suburbs  and  country 
districts  are  under  the  control  of  men,  more  politicians  than  en¬ 
gineers.  What  is  needed  therefore  is  someting  that  will  wear  as 
long  as  possible  under  this  system,  which  encourages  carelessness, 
neglect,  and  ignorant  superintendence. 

As  far  as  the  writer  can  ascertain,  the  average  wear  of  a  metal 
surface  under  ordinary  traffic  is  f  inch  per  year. 

On  a  Telford  road  after  the  metaling  has  worn  away  some¬ 
what,  the  rate  of  wear  increases  rapidly  over  the  first  year, 
because  the  foundation  stones  appear  as  boulders,  and  acting  as 
anvils,  rapidly  pulverize  and  destroy  the  metal. 

Again,  the  interstices  of  the  foundations  on  a  Telford  road, 
even  if  carefully  filled  in  with  chips,  show  a  very  large  percentage 
of  void^,  giving  free  access  to  water,  which,  reaching  the  natural 
soil  below,  under  the  action  of  frost,  upheaves  the  bottom  stones, 
and  destroys  the  coherency  of  the  structure,  allowing  the  metal¬ 
ing  to  settle  to  the  bottom. 

The  common  practice  in  the  construction  of  a  Telford  road  is 
to  use  a  very  inferior  quality  of  stone  for  the  foundation,  and 
as  it  seems  to  be  the  rule  to  resurface  the  roads  only  after  the 
bottom  boulders  make  their  appearance,  these,  under  the  action 
of  traffic  and  weather,  quickly  disintegrate  and  give  rise  to 
hollows  and  ruts. 

As  the  Telford  foundations  are  inelastic  and  unyielding,  the 
upper  or  metallic  surface  wears  out  more  quickly  on  that 
account. 
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On  the  other  hand  a  well-built  Macadam  road  will  wear  with¬ 
out  renewal  until  within  3  or  4  inches  of  the  bottom. 

One  further  advantage  in  favor  of  the  Macadam  is  that  with 
the  rapid  growth  and  development  of  our  suburbs,  we  are  often 
compelled  to  disturb  a  road  to  lay  or  repair  water  and  sewer 
pipes,  and  satisfactory  reconstruction  of  a  Telford  foundation  is 
very  difficult. 

Apparently  the  chief  advantage  claimed  for  a  Telford  road  is 
its  foundation.  But  in  this  it  can  claim  no  superiority  over  a 
well-drained  bed,  which  after  all  is  the  vital  essential  of  a’good 
road  of  any  character. 

If  the  subject  and  time  permitted,  the  writer  would  like  to 
dwell  upon  the  road-laws  of  the  various  States,  particularly  that 
faulty  feature  which  enables  the  farmer  to  “  work  out”  his  road 
taxes. 

He  would  also  like  to  touch  upon  the  proposition  to  employ 
convict  labor  upon  State  and  County  roads.  He  feels,  however, 
that  he  cannot  close  this  subject  without  paying  a  tribute  to  the 
L.  A.  W.,  which  by  united  intelligent  and  persistent  effort  has 
accomplished  so  much  during  the  past  few  years  in  the  direction 
of  good  roads  and  first-class  streets. 

DISCUSSION. 

Thomas  G.  Janvier. — This  is  a  very  interesting  subject  to  me.  I  have 
been  engaged  in  it  for  about  twenty  years.  I  wish  to  speak  about  one  point 
particularly,  about  the  clay  binder.  I  must  differ  a  little  from  the  author 
of  the  paper  in  that  matter,  From  practical  experience  I  find  the  clay 
binder,  if  properly  put  on,  makes  a  better  road.  I  know  of  one  case  in 
Delaware  county.  We  built  a  road  in  1888  with  Telford  foundation,  and 
4  inches  of  broken  stone  on  top.  On  the  4  inches  of  stone  we  put  a  light 
sprinkling  of  clay,  rolled  it  thoroughly  and  then  applied  about  1  inch  of 
coarse  screenings  which  was  thoroughly  sprinkled  and  rolled  until  the 
surface  became  hard  and  smooth.  Nothing  was  done  to  that  road  until 
this  year.  It  lasted  about  nine  years.  It  was  in  good  condition  with  the 
exception  of  the  surface  which  was  worn  down  very  much.  There  was 
hardly  a  rut  to  be  found  in  the  road.  The  wear  of  the  road  was  very 
even,  scarcely  a  rut  to  be  found  in  it.  I  think  where  the  clay  is  properly 
applied  it  is  certainly  a  great  advantage,  and  my  practice  has  proved  it 
so  without  a  doubt.  This  year  we  applied  an  average  of  about  3  inches 
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of  i  stone  on  top  of  that  old  surface  which  was  as  hard  as  iron.  We 
could  have  picked  it  up,  but  that  would  have  been  too  expensive,  so  I  pre¬ 
pared  specifications  to  cover  it  with  f  inch  stone,  2  inches  at  side  and  4 
inches  at  center  to  increase  the  crown  a  little.  On  the  top  of  that  we 
applied  a  light  coat  of  stone  dust  so  as  to  put  the  road  in  good  condition 
for  wheelmen.  I  believe  if  ]  inch  is  applied  and  allowed  to  pack  by  the 
travel  it  makes  a  better  road  and  is  not  so  apt  to  rut  as  when  you  put  on 
screenings.  Many  wheelmen  like  a  smooth  road  at  once  and  this  you 
cannot  get  with  f  inch.  We  tried  to  bind  the  $  inch  by  rolling,  but 
could  not.  We  then  applied  a  light  coat  of  clay,  a  very  light  coat.  I 
would  emphasize  this.  We  used  just  enough  to  make  the  two  sizes  bind. 
We  applied  this  to  the  3  inch  stone,  then  covered  with  4  to  3  inch  of  stone- 
dust,  not  screenings,  as  they  generally  rank  f  inch,  but  pure  stone-dust 
almost  like  flour.  We  rolled  it  thoroughly  and  the  road  was  in  an 
elegant  condition  when  completed.  To-day  you  can  go  over  that  road  an 
hour  or  two  hours  after  the  hardest  rain  and  you  will  not  soil  your  shoes; 
and  you  can  wheel  over  it  in  less  time.  That  road  has  two  coats  of  clay, 
one  at  the  foundation  ;  and  this  spring  when  we  resurfaced  it  had  this 
clay  on  top  of  the  f  inch.  In  all  roads  in  Delaware  county  clay  has  been 
applied,  but  where  not  applied  judiciously  it  injures  a  road.  With  proper 
supervision  there  is  no  reason  why  it  should  not  be  applied.  It  should  not 
be  put  on  in  lumps.  Contractors  have  to  be  watched  pretty  closely.  I 
might  say  in  regard  to  the  road  mentioned  that  it  is  the  Darby  and 
Radnor  road  extending  from  Darby  through  Lansdowne  to  Bryn  Mawr 
and  Wayne.  When  that  road  was  being  constructed  the  contractor  was 
not  there  himself  and  his  foreman  was  careless  and  allowed  the  men  to 
put  the  stone  in  as  they  pleased.  Instead  of  breaking  joints  as  far  as 
possible  they  made  joints  on  the  line  of  the  road  which  would  make  a  rut 
at  once,  but  that  was  stopped.  With  proper  supervision  a  Telford  road 
8  inches  foundation  with  4  inches  of  broken  stone  on  top,  rolled  and  with 
a  light  coat  of  clay,  then  screenings  and  dust,  will  be  a  first  class  road.  I 
speak  from  an  experience  of  twenty  years.  The  clay  must  be  applied 
judiciously.  In  regard  to  Macadam  and  Telford  roads  I  must  say  the 
latter  is  superior  to  the  former.  I  made  experiments  to  satisfy  myself  as 
to  which  is  the  best.  Comparing  on  similar  soil  I  found  that  a  Macadam 
road  of  the  same  depth  as  a  Telford  road  rutted  much  more  quickly  than 
the  Telford,  especially  if  the  subsoil  bad  a  tendency  to  become  damp. 
Occasionally,  no  matter  how  well  the  road  is  built  the  dampness  will 
work  under  it.  I  found  a  Telford  road  more  durable  and  that  it  would 
not  rut  as  soon  as  Macadam.  I  attribute  it  to  the  resistance  given  by  the 
large  stones  in  the  foundation,  thus  preventing  them  being  forced  into  the 
clay  roadbed  by  the  heavy  pressure  of  travel. 
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The  President. — Where  was  the  road  in  Delaware  county? 

Mr.  Janvier. — It  extends  from  Lansdowne  station  to  Marshall  road 
in  Delaware  county,  running  north  from  Baltimore  Avenue.  I  hesitated 
a  little  about  putting  f  inch  stone  on  that  hard  surface — it  was  hard  as 
iron,  it  could  not  have  been  otherwise  after  nine  years’  wear.  It  was  not 
worn  down  to  the  foundation  stone.  If  the  top  stone  is  the  proper  kind 
and  the  foundation  is  properly  laid,  it  will  not  wear  down  to  the  founda¬ 
tion  stone  for  a  long  time.  Here  and  there  one  might  find  the  foundation 
stones  sticking  up,  but  it  was  not  down  to  the  general  foundation.  It  was 
so  hard  that  I  hesitated  to  apply  the  i  inch  for  fear  it  would  not  bind,  but 
I  risked  it  and  to-day  it  is  one  of  the  best  roads  in  the  county.  To  one 
other  point  I  would  like  to  call  attention,  especially  with  new  roads,  and 
that  is  sprinkling.  A  new  road,  no  matter  how  well  made,  unless  kept 
sprinkled  for  two,  three  or  four  months,  will  be  apt  to  bake,  then  break 
up  and  go  to  pieces.  When  this  road  above  noted  was  resurfaced  I  wrote 
to  Councils  requesting  that  it  be  sprinkled  for  some  time,  which  was  done, 
and  it  is  now  in  as  good  condition  as  when  finished.  It  is  as  smooth  as 
this  floor  and  hard  as  iron,  a  perfect  road.  I  have  been  over  a  great 
mauy  roads  on  my  wheel  aud  I  have  yet  to  find  a  road  equal  to  it.  I 
attribute  to  a  good  road  in  the  first  place,  perfect  drainage  and  heavy 
rolling.  We  use  a  fifteen-ton  roller,  then  a  light  coating  of  clay  and  top¬ 
dressing  lightly  put  on.  Under  these  conditions  a  road  will  last  a  long 
time  with  very  little  attention.  There  is  the  proof,  nine  years  and  noth¬ 
ing  done  to  it,  not  a  ton  of  material  put  on  this  road  from  1888  to  this 
spring.  There  was  one  portion,  where  it  was  shaded,  that  had  to  be 
coated  once  or  twice,  but  from  Baltimore  pike  to  Marshall  road  it  did 
not  have  a  ton  of  stone  on  it  from  1888  to  this  spring.  It  was  a  fairly 
good  road,  but  we  wanted  it  better.  It  would  really  have  lasted  two  to 
three  years  longer  from  the  condition  of  the  surface. 

The  President. — So  it  has  been  with  engineers  since  the  days  of 
Macadam  and  Telford.  I  suppose  there  are  defects  in  both  principles,  as 
engineers  are  so  generally  divided. 

Mr.  Janvier. — In  regard  to  the  stone  I  make  my  specifications  thus: 
The  foundation  stone  shall  be  hard,  tough  and  durable.  When  I  can  get 
it,  that  is  when  the  financial  conditions  allow  it,  I  prefer  trap  rock  for  the 
broken  stone.  I  find  no  trouble  at  all  in  the  binding  part.  With  this 
light  coat  of  clay  on  the  foundation  aud  a  light  coat  on  the  broken  stone 
for  a  binder,  we  do  not  have  any  trouble.  There  has  been  no  trouble  with 
the  clay  working  through  the  stone  and  cannot  be  any  except  where  it 
has  been  improperly  laid  on.  Regarding  the  lime  stone,  my  experience 
has  been  a  sad  one.  Several  years  ago,  the  late  Philip  J.  Walsh  was 
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supervisor  of  Delaware  county  and  he  put  a  good  deal  of  limestone  on 
the  roads,  and  those  of  you  who  have  travelled  on  the  Baltimore  pike 
during  the  last  four  or  five  years  have  had  experience  of  the  limestone; 
there  was  general  complaint  and  growling  from  one  end  of  the  township 
to  the  other.  In  windy  weather  there  would  be  a  cloud  of  dust  rolling 
into  the  houses  and  in  wet  weather  the  mud  spoiled  the  paint  on  the  car¬ 
riages.  Soft-stone  I  have  never  used  for  top  dressing,  but  we  are  decidedly 
1  opposed  to  limestone  in  Delaware  county.  This  year  we  covered  it  with 
trap  rock.  It  may  be  a  different  limestone  from  what  is  used  in  the  western 
part  of  the  State,  but  it  made  a  very  poor  specimen  of  road.  There  is 
another  point  about  which  someone  might  wish  information,  and  that  is 
the  cost  of  these  roads.  We  are  putting  down  some  stone  roads  this  year, 
first-class  stone  roads  in  every  respect,  good  foundations,  8  inches  with  4 
inches  of  top  dressing,  trap  rock,  for  65  cents  per  square  yard.  The  cost 
used  to  be  80  or  90  cents  to  $1.10. 

Mr.  Franklin. — This  paper  was  written  for  the  purpose  of  bringing 
out  a  discussion  of  this  character.  Regarding  the  merits  of  the  Macadam 
and  Telford  roads  I  think  if  the  drainage  of  the  roadbeds  were  properly 
done  the  Macadam  would  wear  better  than  the  Telford.  Rernirdinir  the 
use  of  clay  as  a  binder  my  own  experience  is  that  it  is  impossible  to  keep 
the  contractor  from  using  too  much.  It  is  possible  that  a  small  quantity 
will  do  no  harm  and  may  do  good,  but  90  per  cent,  of  the  stone  roads  in 
which  clay  is  used,  soon  commence  to  rut.  I  agree  with  Mr.  Janvier 
fully  regarding  his  experience  with  limestone.  I  have  seen  a  new  lime¬ 
stone  road  and  it  is  just  its  he  says.  Regarding  cost,  you  could  build  a 
good  Telford  road  from  60  to  70c.  per  square  yard,  10  inches  in  depth, 
even  if  the  stone  is  not  in  the  immediate  vicinity. 

The  President. — What  would  be  the  shape  of  your  road  ?  How  much 
arch  would  you  give  it? 

Mr.  Franklin. — I  use  between  3  and  4  per  cent,  grade  from  crown 
to  gutter.  If  I  have  a  special  quality  of  sand  and  gravel  I  wet  it, 
otherwise  the  foundation  could  not  be  made  uniform.  In  all  roads  I  give 
the  bed  a  rolling  first. 

Mr.  Janvier. — Regarding  that  Telford  and  Macadam  test  I  made,  I 
wish  to  say  that  the  subgrade  had  the  same  crown  as  finished  grade. 
There  was  about  5  to  6  inches  crown  in  the  18  feet  both  Macadam  and 
Telford,  and  I  found  the  Macadam  road  rutted  very  soon  and  the  Telford 
did  not,  with  the  same  travel  on  it.  The  soil  was  clay,  hut  for  some 
reason  I  could  not  tell  why,  the  Macadam  rutted,  and  as  soon  as  the  travel 
struck  the  Telford  it  was  noticeably  free  from  ruts,  and  the  joining  of  the 
two  quite  apparent. 
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James  Christie. — The  wide  difference  of  opinion  regarding  the  utility 
of  limestone,  may  be  accounted  for  by  the  various  qualities  of  material 
termed  limestone.  We  find  large  deposits  of  marine  petrifaction,  which 
yield  excellent  lime  but  poor  building  stone — other  varieties  poorer  still 
are  stratified  with  layers  of  calcareous  shale  which  will  not  stand  the 
weather,  and  as  poor  a  material  for  top  dressing  of  roads  as  could  be 
found  to  produce  abundance  of  dust  or  mud,  as  the  weather  dictated. 
On  the  other  hand  we  have  large  deposits  of  the  magnesian  limestones,  a 
dense,  hard  stone  only  inferior  to  trap  rock.  A  similar  distinction  might 
be  applied  to  clay,  according  to  the  method  it  is  used ;  when  well  com¬ 
pacted,  with  only  sufficient  moisture  to  bind  it,  it  remains  a  coherent 
impervious  body ;  on  the  contrary,  with  too  much  water  it  shrinks 
and  cracks,  and  it  is  probable  this  distinction  largely  accounts  for 
the  diverging  views  expressed  regarding  the  value  of  clay  for  puddle 
walls. 

Mr.  Janvier. — The  clay  we  use  in  Delaware  county  we  tried  to  get 
as  pure  as  possible,  free  from  any  foreign  substance,  the  best  clay  we 
could  get. 

Mr.  Franklin. — I  do  not  think  that  vitrified  brick  would  answer  for 
the  track  way,  but  it  makes  a  capital  gutter.  It  is  scarcely  durable 
enough  for  track  way.  Regarding  the  question  of  track  ways,  I  believe 
there  are  sample  stone  roads  with  steel  tracks  built  at  New  Brunswick, 
N.  J.,  and  at  Geneva,  N.  Y.  I  wrote  for  information  in  regard  to  them 
and  was  told  that  the  specifications  were  not  yet  printed. 

Mr.  Janvier. — Another  interesting  feature  I  observed  this  summer. 
We  had  to  regrade  an  old  stone  road  in  Lansdowne  which  had  been  dowm 
for  ten  to  fifteen  years,  and  which  had  been  covered  with  this  limestone 
about  four  or  five  years  ago.  There  wTere  so  many  ruts  in  it  that  it  was 
almost  impassable.  On  taking  it  up  we  found  nothing  but  macadam,  the 
depth  varying  from  five  to  six  inches  in  some  places  and  twelve  to  fifteen 
inches  in  others.  In  some  places  large  stones  were  piled  in.  indiscrimi¬ 
nately.  These  ruts  extended  over  the  road  from  side  to  side.  We  repaired 
some  portions  of  this  road  with  trap  rock  and  by  this  means  hope  to  get 
better  results. 

Walter  L.  Webb. — The  discussion  of  the  relative  value  of  Mac¬ 
adam  and  Telford  roads  will  probably  keep  up  as  long  as  there  are 
differences  of  opinion  among  engineers  as  to  the  minor  details  of  construc¬ 
tion,  as  long  as  there  is  variation  (and  there  always  must  be)  in  the  ma¬ 
terials  employed,  and  as  long  as  there  are  differences  in  the  fidelity  with 
which  the  wrork  is  executed.  If  a  road  is  carefully  >nd  honestly  built, 
with  good  materials  and  with  specifications  suited  to  the  materials,  it  will 
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be  a  good  road  whether  it  be  a  Telford  or  a  Macadam  road,  and  will  be 
much  better  than  a  road  built  on  the  other  system,  which  is  carelessly  or 
dishonestly  constructed  or  which  is  made  with  unsuitable  material,  or 
according  to  unsuitable  specifications.  As  such  defects  generally  exist  to 
some  extent,  the  comparison  of  the  wearing  qualities  of  two  selected  roads 
is  practically  valueless  unless  the  minute  details  of  the  construction  of 
each  are  known.  There  is,  therefore,  no  end  to  these  discussions  nor 
hope  of  the  discussions  leading  to  a  definite  conclusion  in  favor  of  either 
system. 

The  President. — I  think  that  has  been  the  opinion  of  engineers  for  a 
long  time  back.  Still  I  would  like  to  hear  from  some  one  on  the  Mac¬ 
adam  side.  It  seems  to  go  the  Telford  way  this  evening,  and  if  there  is 
any  one  present  who  is  a  strong  advocate  of  Macadam  and  can  tell  its 
good  points  over  the  Telford  I  shall  be  glad  to  hear  from  him.  I  think 
there  are  improved  roads  built  in  Montgomery  County  under  Mr.  Cas¬ 
satt’s  supervision,  but  I  do  not  know  that  there  is  any  one  here  who  had 
anything  to  do  with  the  construction  of  them.  Those  roads  were  built 
well  and  I  believe  have  given  great  satisfaction  for  a  number  of  years. 

Louis  Y.  Schermerhorn. — Telford  and  Macadam  roads  of  to-day  dif¬ 
fer  very  materially  from  the  early  Telford  and  Macadam  roads.  The 
Telford  road  was  originally  about  14  inches  deep,  of  which  7  inches  was  a 
sub-foundation  of  stone  blocks  and  the  remaining  7  inches  a  broken  stone 
surface  upon  that  foundation.  The  blocks  were  carefully  placed  and  the 
interstices  were  filled  by  stone  chips  driven  in  between  the  openings  and 
the  whole  driven  down  to  a  comparatively  uniform  surface.  On  the  top 
of  this  foundation  was  placed  broken  stone  of  two  grades.  The  coarser 
grade  npon  the  paved  sub-base  and  the  finer  upon  the  surface:  the  finer 
stone  consisted  generally  of  flints.  The  Macadam  road  had  the  same 
depth  of  12  or  14  inches.  'The  lower  half  was  composed  of  stone  two 
to  three  inches  cube,  with  carefully  prepared  stone  for  the  surface. 
For  this  final  surface  the  hardest  attainable  material  was  used,  broken 
to  a  very  uuiform  size,  for  which  the  specifications  did  not  allow  any  stone 
to  be  used  which  weighed  more  than  6  ounces;  and  upon  roads  built 
after  the  approved  Macadam  plan  the  final  surface  consisted  of  still  finer 
material.  We  knew  nothing  of  road  construction  at  that  time.  Thirty- 
five  years  ago  when  the  roads  in  Central  Park  were  built  they  were 
called  Telford  and  Macadam  roads.  Tfie  Telford  roads  were  to  stand  the 
heaviest  traffic.  The  Macadam  roads  were  to  bear  the  lighter  traffic,  but 
they  were  not  essentially  Telford  or  Macadam  roads.  On  the  Telford 
roads  the  foundation  course  was  spread  quite  carefully  into  a  surface 
approximately  even  with  the  bottom,  but  no  effort  was  made  to  lay  these 
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stones  regularly,  they  were  simply  dumped  in  and  raked  over  until 
approximately  formed  into  the  proposed  section  of  the  road.  On  top  of 
that  was  placed  the  finer  broken  stone  and  gravel.  I  have  never  known 
of  strictly  Telford  roads  having  been  built  in  this  country.  The  gravel 
used  upon  these  roads  cost  about  $2  per  yard  ;  it  was  of  excellent  quality 
and  the  best  to  be  obtained.  In  my  Western  experience  we  had  nothing 
but  limestone.  It  was  very  hard,  with  a  glassy  fracture.  We  used 
gravel  for  surfacing  which  was  also  essentially  limestone.  I  quite  recently 
saw  some  of  those  roads  made  over  thirty  years  ago  and  found  them  in 
excellent  condition.  They  had  been  surfaced  at  intervals  of  perhaps  six  to 
eight  years,  and  I  saw  no  indication  of  the  road  surfaces  breaking  through 
or  rutting.  Regarding  clay  as  a  binder,  we  have  no  exact  definition  as 
to  what  it  is,  but  I  think  that  the  clay  which  is  used  as  a  binder  has  more 
or  less  loam  and  earthen  material  mixed  with  it.  I  have  tried  the  ex¬ 
periment  of  rolling  broken  stone  with  a  steam  roller,  without  surfacing 
material  until  all  the  crown  was  rolled  out,  and  the  broken  stone,  which 
was  originally  sharp  and  angular,  became  thoroughly  rounded.  Under 
the  old  system  of  making  roads  the  stone  was  broken  by  men  upon  the 
roads  and  the  rolling  was  done  mainly  by  the  traffic  of  the  road ;  and  the 
final  surface  of  such  roads  was  obtained  by  the  united  action  of  wheels 
and  the  clayey  material  brought  upon  the  road  surface.  If  all  outside 
material  had  been  excluded  from  the  surface,  I  think  the  ruts  would 
have  worn  themselves  through  to  broken  stone,  while  the  stone  would 
have  become  more  or  less  rounded.  Whether  it  is  screenings,  gravel,  or 
clay,  I  think  it  amounts  to  one  and  the  same  thing.  The  action  of  the 
roller  and  the  wear  of  carriages  reduces  the  surfacing  material  to  a  com¬ 
pact  condition  which,  while  not  clay,  is  the  necessary  material  to  give 
coherency  and  strength  to  the  surface.  I  think  it  makes  but  little  dif¬ 
ference  whether  it  is  gravel,  screenings,  or  clay,  so  long  as  the  material 
used  gives  a  top  surface  which  will  absolutely  prevent  water  from  per¬ 
colating  through.  Drainage  is  absolutely  necessary  and  it  would  be 
better  to  economize  on  stone  and  expend  more  money  on  drainage  than 
to  sacrifice  drainage  for  increased  depth  of  stone. 

Now  as  far  as  depth  of  stone  is  concerned  I  think  the  point  Mr.  Furber 
alluded  to  will  bear  further  illustration  ;  the  stresses  impressed  upon  the 
road  surface  do  not  pass  vertically  downward  to  the  foundation,  from  the 
fact  that  as  the  stress  is  carried  downward,  the  fragmentary  stones  which 
make  the  depth  of  the  road,  divert  it  from  a  vertical  to  an  oblique  direc¬ 
tion.  Now  the  greater  the  depth  of  stone,  the  wider  will  be  the  triangle 
formed  by  the  limiting  lines  of  the  stress,  and  if  the  road  material  is  only 
4  inches  deep  the  internal  stress  is  carried  down  so  that  at  the  base  of  the 
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roadbed  it  may  cover  a  width  of  only  a  few  inches,  ami  the  load  impressed 
upon  that  surface  may  be  sufficient  to  cause  the  roadbed  to  sink.  The 
depth  of  material  is  a  question  which  relates  to  the  iijitial  loads  which 
are  to  be  brought  upon  the  road  itself.  Roads  in  parks  and  cemeteries 
would  be  subject  to  very  lightweights  indeed,  and  I  should  assume  that  a 
road  18  inches  deep,  such  as  has  been  mentioned,  would  be  an  extrava¬ 
gant  outlay  of  stone  for  a  road  of  that  kind.  If  roads  are  to  be  subject 
to  heavy  weights  and  perhaps  inadequate  repairs  they  certainly  require 
to  be  very  much  heavier  than  roads  subject  to  the  wear  and  tear  of  lighter 
traffic. 

Mr.  Janvier. — Mr.  Schermerhorn  made  an  insinuation  which  I  can¬ 
not  stand.  He  says  they  do  not  build  roads  as  they  used  to.  In  Dela¬ 
ware  county  we  do.  The  roads  are  to  be  brought  to  sub  grade  one  foot 
below  the  finished  grade,  with  a  crown  of  six  inches  from  center  to  side. 
When  there  is  a  fill  it  is  to  be  thoroughly  rolled  until  hard,  thereby 
getting  the  water  off  quickly  while  it  is  a  green  road.  Then  here  are  our 
specifications  for  laying  the  stone.  The  stone  to  be  hard,  tough  and  dur¬ 
able,  eight  inches  to  ten  inches  long,  four  inches  to  six  inches  wide,  eight 
inches  deep.  To  be  laid  by  hand  on  broadest  edges  and  lengthwise  across 
the  road  in  close  contact,  breaking  joints  as  far  as  possible.  The  tops  of 
stones  to  be  broken  off  and  the  interstices  to  be  filled  in  with  stone  chips, 
making  this  a  firm,  substantial,  and  even  pavement.  That  is  the  way  we 
do  it  in  Delaware  county.  If  that  is  not  care  in  foundations  I  should 
like  to  knowr  what  is. 

Mr.  Schermerhorn. — I  had  no  knowledge  of  the  roads  described  by 
Mr.  Janvier,  since  they  have  come  into  existence  since  I  have  had  to  do 
with  road  building.  The  roads  to  which  I  referred  w’ere  those  of  thirty 
years  ago.  The  roads  described  by  Mr.  Janvier  bear  a  close  resemblance 
to  standard  English  and  Scotch  roads. 

Mr.  Janvier. — Regarding  the  rolling,  I  may  say  that  in  my  experience 
it  is  insisted  that  rolling  be  done  from  side  to  center  all  the  time,  up  one 
side  and  down  the  other,  rolling  from  sides  to  center.  That  keeps  the 
crown  up  stiff  right  through  the  rolling  and  it  never  gets  fiat. 

Mr.  Franklin. — If  the  foundation  of  a  road  is  sand  and  gravel  it 
will  stand  almost  anything.  I  built  my  first  four  inch  stone  road  under 
protest.  Sand  being  almost  non-compressible  if  confined,  will  make  a 
splendid  foundation,  as  good  as  if  solid  stone  were  used. 

The  President. — Mr.  Franklin  makes  a  good  point  in  regard  to  sand. 
If  Mr.  Janvier  could  get  it  out  in  Delaware  county  he  would  no  doubt 
be  in  favor  of  using  it.  Do  they  place  the  stones  bv  hand? 

Mr.  Janvier. — All  by  hand,  just  as  you  lay  Belgian  block,  and  if  it 
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is  not  done  right  we  discharge  the  men  and  get  men  that  will  do  it  right. 
If  the  contractor  does  not  attend  to  his  duty  we  discharge  him. 

Henry  Leffmann. — I  do  not  desire  to  convert  the  Club  into  an  anti¬ 
quarian  society,  but  I  thought  it  might  be  worth  while  to  take  a  few 
minutes  to  show  some  slides  exhibiting  the  method  of  road  construction 
employed  by  the  Romans.  The  views  that  I  will  show  are  taken  from 
A.  Leger’s  work,  Les  Travaux  Publics ,  etc.,  aux  Temps  des  Domains. 

The  Romans  constructed  their  main  roads  to  last  forever.  They  are 
true  monuments,  made  of  siliceous  and  calcareous  materials  far  superior 
to  the  highest  type  of  modern  work.  The  superstructure  was  a  roadway, 
generally  very  strongly  convex,  and  two  side-paths  or  footways.  Near 
Rome,  the  full  width  was  often  twenty  meters,  but  not  usually.  From 
three  to  three  and  one-half  meters  for  the  smaller  roads  and  from  four  to 
four  and  three-quarters  meters  for  the  larger,  are  dimensions  that  have 
been  generally  noted.  In  mountain  regions,  the  road  was  narrowed  to  a 
single  carriage  way,  one  and  three-quarters  meters.  The  sidewalks  were 
large  near  the  cities  but  reduced  to  six-tenths  meters  in  the  outer  districts. 
These  were  built  of  cut  stone,  at  least  on  the  border.  At  every  twelve 
paces  (18  meters),  mounting  stones  were  placed.  At  every  thousand 
paces  (1481  meters),  mile-stones  were  erected.  In  one  instance,  the  road¬ 
way  was  divided  by  a  low  wall  down  the  middle,  as  if  to  surely  establish 
two  streams  of  traffic. 

In  the  construction  of  the  wagon-road  a  ditch  was  dug  to  the  solid 
earth,  which  was  stamped  or  rolled,  or  even  stakes  driven  if  necessary, 
then  on  a  floor  of  sand,  ten  or  fifteen  centimeters  thick,  a  layer  of  mortar 
wras  placed,  after  which  they  placed  successively  four  layers,  as  follows  : 

StcUumen.  The  support  or  foundation.  A  course  of  several  layers  of 
flat  stones,  bound  by  a  hard  cement,  or  failing  in  that,  clay.  This  layer 
was  usually  thirty  centimeters  thick,  and  twice  that  in  bad  lands. 

Rudus.  A  concrete  of  pebbles,  stones  or  broken  bricks,  strongly 
stamped  together  with  iron-sheathed  stampers.  This  layer,  when  finished, 
was  usually  twenty-five  centimeters  thick.  When  mortar  was  lacking 
loam  was  used. 

Nucleus.  A  layer  of  thirty  to  fifty  centimeters  of  gravel  or  coarse 
sand,  finer  than  the  third  layer,  and  rolled  successively  in  small  layers. 

Summum  dorsum  (summa  crusta).  An  convex  layer  twenty  to  thirty 
centimeters  thick  or  more,  made  somewhat  differently  according  to  the 
materials  at  hand.  It  was  either  paved  with  cut  stone  or  laid  with  pebble 
and  granite,  or  metaled. 

Some  of  the  best  roads  were  paved  with  marble.  The  minor  or  second¬ 
ary  roads  were  not  so  carefully  made. 
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[Slides  illustrative  of  these  constructions  were  shown.] 

Allen  J.  Fuller. — Nothing  has  been  said  as  to  keeping  these  roads 
in  repair.  It  seems  to  me  they  need  constant  attention.  They  must 
wear  out  in  a  short  time.  What  is  the  proper  method  for  keeping  them 
in  good  order  ? 

Mr.  Janvier. — The  question  of  repairs  is  a  disputed  one.  The  best 
method  is  constant  attention.  Have  small  deposits  of  broken  stone  at 
different  points  along  the  road,  and  have  a  man  to  make  repairs.  The 
moment  a  depression  or  rut  is  formed,  put  on  a  small  amount  of  the 
broken  stone  and  the  travel  will  pack  it  down.  The  road  I  mentioned 
stood  eight  years  without  repairs.  The  best  practice  is  to  have  your  de¬ 
posits  along  the  roadway.  The  trouble  is  that  a  penny  wise  and  pound- 
foolish  policy  is  adopted  and  a  road  is  allowed  to  go  so  long  that  repairs 
become  expensive.  The  best  roads  have  proven  that  constant  daily 
attention  is  the  cheapest  in  repairing.  Have  a  man  for  every  few  miles 
of  road  and  directly  he  notices  a  depression  have  him  make  application 
of  broken  stone  to  the  place.  The  judicious  use  of  the  watering  cart  will 
add  materially  to  the  life  of  a  road. 

The  President. — When  those  repairs  are  made  I  suppose  you  put  the 
roller  over  them  or  ram  the  stone  down. 

Mr.  Janvier. — On  general  repairs,  yes,  but  on  patches  the  travel  will 
pack  the  stone  in  a  short  time. 

Mr.  Fuller. — Regarding  the  use  of  soft  limestone,  I  have  heard  of 
-oyster  shells  being  used.  It  is  not  common  to  use  them  in  this  part  of 
the  country,  but  in  the  South  most  of  the  good  roads  are  built  of  oyster 
shells,  and  some  of  the  finest  surfaced  roads  I  have  ever  seen  have  been 
made  with  them.  The  roads  are  very  readily  repaired.  A  wagon  comes 
along  filled  with  shells  and  a  bushel  or  so  is  shovelled  off  at  a  time,  and 
in  a  few  days  the  surface  is  as  good  as  ever. 

H.  V.  B.  Osbourn. — I  had  occasion  to  note  stone  tracks  on  the  old 
Albany  post  road  just  this  side  of  the  Adirondack  mountains,  over  which 
probably  the  old  heavy  carrying  wagons  have  passed  for  many  years. 
In  some  cases  the  stones  are  worn  down  about  three  inches.  They  were 
simply  two  parallel  flags  probably  eighteen  inches  in  width  and  three 
inches  in  depth.  Judging  bv  the  country  and  condition  these  Hags 
must  have  been  down  for  a  great  many  years.  That  follows  a  little  bit 
after  the  old  Roman  roads,  or  rather  the  way  of  making  them.  As  regards 
oyster  shell  roads,  I  have  noticed  them  in  Maryland  as  being  very  good* 
especially  in  wet  weather. 

Mr.  Christie. — At  the  upper  end  of  Washington  street,  in  Manavunk, 
can  be  seen  a  stretch  of  highway  paved  with  oyster  shells.  There  is  heavy 
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hauling  on  the  road,  which  has  been  paved  for  several  years,  and  retains 
a  good  hard  surface.  They  are  apparently  cemented  together  and  are 
quite  hard. 

Mr.  Fuller. — We  have  a  road  of  that  description  in  our  fourth  dis¬ 
trict  yard,  Twenty-sixth  and  Master  streets,  which  is  constructed  in  the 
form  of  a  parallelogram,  and  with  a  number  of  intermediate  lanes  extend¬ 
ing  from  side  to  side  of  the  square. 

The  main  road  and  lanes  were  built  by  excavating  from  six  to  twelve 
inches  in  depth  and  filling  in  the  space  with  oyster  shells,  which  were 
dumped  from  the  cart,  and  only  required  leveling  on  the  surface  to  pre¬ 
pare  the  streets  for  use.  Additional  filling  was  required,  however,  as  the 
shells  were  broken  and  packed  by  the  heavy  hauling. 

These  roads  now  present  a  hard  and  compact  surface,  and  notwith¬ 
standing  the  more  than  ordinary  wear  to  which  they  are  subjected,  very 
little  repairing  is  needed. 

E.  M.  Nicholls. — I  think  this  discussion  has  brought  out  the  fact 
that  durability  of  the  work  depends  largely  on  compacting  the  materials. 
The  principle  that  Mr.  Schermerhorn  brought  out  is  that  the  load  is  car¬ 
ried  on  a  widened  base  at  the  foundations.  A  Macadam  road  can  be 
built  and  let  go  down  by  traffic  and  will  yield  a  fair  road  after  quite  a 
time,  but  if  it  is  rolled  so  that  the  stone  is  almost  a  solid  mass,  it  will 
stand  just  as  well  with  eight  or  ten  inches  as  though  you  had  eighteen 
to  twenty  inches.  In  making  Telford  foundation,  unless  it  is  thoroughly 
done  so  that  one  stone  may  distribute  part  of  its  load  to  another,  I  cannot 
see  how  it  would  be  as  efficient  as  the  same  depth  of  Macadam  if  properly 
compacted. 

Wilfred  Lewis. — Has  any  conclusion  been  reached  as  to  the  limit  of 
tire  that  could  be  applied  to  the  inch  of  width  ? 

Mr.  Janvier. — I  think  it  is  better  that  all  heavy  loads  should  be  on 
tires  not  less  than  4  inches.  It  is  better  for  the  road  and  better  for 
traction  power.  That  is,  for  heavy  loads. 

Mr.  Franklin.— I  think  there  are  townships  in  some  States  that 
make  reductions  of  taxes  proportionate  to  the  width  of  tires.  Some  road 
engineers  think  it  well  to  make  the  rear  axle  a  little  longer  than  the 
other  so  that  the  wheels  will  not  pass  in  the  same  rut.  I  think  on  roads 
where  there  are  no  rails  or  tracks  you  should  have  the  bearing  surface 
spread  a  little.  The  presumption  is  that  the  wagon’s  track  will  not  wear 
a  narrow  rut. 

The  President. — In  some  publications  I  have  seen  some  roads  built 
with  metal  tracks  for  wheels. 

Mr.  Franklin. — I  think  I  mentioned  that  roads  of  that  nature  were 
built  in  New  Brunswick  and  Geneva. 
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Wm.  Copeland  Furber. — (  Communicated  Discussion.)  The  essentials 
of  a  good  road  are  simply  expressed — first,  a  firm,  unyielding  foundation  ; 
second,  a  hard,  durable,  wearing  surface.  Without  the  first  condition  the 
second  is  impossible. 

The  character  of  the  soil  or  substratum  of  earth  underlying  the  road, 
will  determine  the  character  of  the  foundation.  Earths  have  a  “  bearing 
resistance  ”  which  varies  with  the  materials  composing  it,  which  materials 
are  also  affected  by  the  presence  or  absence  of  water.  The  “  bearing 
resistance”  may  be  defined  as  the  resistance  which  a 'given  unit  of  surface 
offers  to  a  given  load  before  any  displacement  of  material  occurs.  This 
“bearing  resistance”  will  of  course  be  much  greater  for  materials  such  as 
rock,  hard-pan  and  gravel,  than  for  sand,  loam  or  light  soils.  The  cor¬ 
rect  proportioning  of  the  foundation  of  a  road,  therefore,  presents  very 
much  the  same  problem  as  the  proportioning  of  the  foundation  of  any 
fixed  structure,  in  which  the  spread  or  area  of  the  foundation  is  deter¬ 
mined  by  safe  resistance  of  the  earth  to  displacement. 

Upon  the  character  of  the  earth  underlying  the  road,  and  the  weight  of 
the  vehicles  and  load,  would  therefore  depend  the  relative  usefulness  and 
desirability  of  Telford  or  Macadam  roads. 

The  Telford  road,  by  reason  of  its  selected  foundation,  insures  that  the 
loads  which  come  upon  its  surface  shall  be  distributed  over  a  larger  area 
of  the  underlying  earth  than  the  Macadam,  which  depends  upon  the  acci¬ 
dental  bonding  of  the  broken  stone  to  distribute  its  load  or  shearing  force. 
A  Telford  road  properly  laid,  made  of  the  same  amount  and  kind  of 
material,  therefore  would  be  able  to  safely  carry  a  greater  load  than  the 
Macadam,  or  could  be  laid  on  softer  or  more  yielding  earths  than  the 
Macadam  road. 

The  modern  practice  in  paving  is  to  regard  the  road  as  composed  of 
two  separate  parts,  viz.:  foundation  and  wearing  surface,  which  is  ex¬ 
emplified  in  the  concrete  foundations  used  under  vitrified  brick,  asphalt 
and  stone  block  pavements  in  the  best  practice.  The  Romans  seemed  to 
understand  the  necessity  of  a  sufficient  foundation,  and  on  the  lantern 
illustrations  Dr.  Leffmann  has  shown  us  to-night  the  large  foundation  or 
footing-stones  can  be  seen. 

I  would  take  issue  with  Mr.  Franklin  on  the  desirability  of  elasticity 
in  the  foundations  of  a  road.  Elasticity  is  not  a  desirable  quality  in  a 
road,  however  much  it  may  be  in  a  vehicle.  Any  movement  of  the  mate¬ 
rial  forming  the  road  rapidly  destroys  itself  and  its  earth  foundation. 

Drainage  is  essential  to  all  good  roads,  and  is  part  of  the  foundation 
which  need  not  be  discussed  here. 

The  wearing  surface  of  a  road  is  the  second  essential.  In  order  to  have 
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a  good  wearing  surface  the  materials  forming  such  surface  should  be  of 
such  sizes  as  will,  when  rammed  or  packed,  form  a  volume  free  from  voids. 
In  order  to  insure  this  condition  the  sizes  should  be  regularly  graduated 
from  the  largest  sizes  to  screenings,  and  sufficient  clay  or  clayey  gravel 
should  be  used  to  make  a  plastic  “  binder  ”  to  hold  the  materials,  other¬ 
wise,  there  being  no  cementing  materials,  the  broken  rock  will  not 
become  a  compact  mass. 

If  there  be  voids  in  the  surface  material  of  the  road,  vehicles  will  cause 
a  movement  of  the  stones,  which  rapidly  destroys  all  cohesion,  as  well  as 
permits  wear  on  all  sides  of  the  stone,  instead  of  only  on  its  upper  sur¬ 
face. 

The  clay  binder  performs  another  service,  that  of  making  the  road 
“  roof  tight  ”  or  water-proof,  causing  it  to  shed  the  surface  water  instead 
of  allowing  it  to  percolate  through  the  road  material  to  its  foundation. 

Some  limestones  having  a  proper  quantity  of  alumina  in  their  composi¬ 
tion,  when  ground  up,  make  a  sort  of  “  natural  cement  ”  which  might  make 
the  use  of  additional  clay  unnecessary  with  such  stone. 

The  use  of  a  harder  material  for  the  track  ways  of  a  stone  road  should, 
I  think,  receive  greater  attention  at  the  hands  of  road  builders.  Vitri¬ 
fied  brick,  regularly  broken  squared  blocks,  etc.,  present  a  more  durable 
and  more  even  surface  for  the  wheels  than  broken  stone,  which  is  rapidly 
ground  to  dust,  after  which  it  is  useless.  The  United  States  Government 
is  making  some  experiments  with  a  steel  track  way  made  of  an  inverted 
channel  which  promises  well. 

In  the  South,  particularly  adjacent  to  the  oyster  regions,  the  roads  are 
made  of  oyster  shells,  which  make  an  excellent  road  with  a  good  surface, 
and  have  the  great  advantage  of  being  easily  repaired.  A  man  with  a 
wagon  load  of  oyster  shells  and  a  pitchfork  can  repair  a  considerable 
amount  in  a  dav. 
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SOME  PRACTICAL  APPLICATIONS  OP  THE  MASS  CURVE 

IN  EARTHWORK  COMPUTATIONS. 

By  Walter  L.  Webb,  Active  Member. 

Read  November  20,  1897. 

Before  presenting  the  strictly  technical  portions  of  this 
paper,  I  wish  to  say  a  few  words  on  the  subject  of  the  mass  curve. 
As  most  of  you  know,  it  is  a  graphical  device  for  the  computa¬ 
tion  of  earthwork.  I  do  not  know  when  or  by  whom  it  was 
invented,  but  I  do  know  that  the  subject  has  not  received  the 
attention  it  deserves.  There  is  not  a  published  text- book,  so  far 
as  I  know,  having  an  adequate  treatment  of  the  topic  ;  the  litera¬ 
ture  is  confined  almost  exclusively  to  a  few  papers  which  have 
been  published  in  the  technical  journals  of  the  country,  or  have 
been  published  in  the  proceedings  of  technical  societies ;  but  in 
none  of  the  papers  has  there  been  an  adequate  treatment  of  the 
subject,  nor  has  there  been  any  mention  of  some  of  the  most  val¬ 
uable  properties  of  this  curve  and  the  applications  to  be  made  of 
it.  Possibly  it  is  because  some  of  the  most  valuable  properties  of 
the  curve  are  generally  unknown  to  the  engineering  profession 
that  the  subject  has  not  received  more  attention  than  has  been 
given  to  it.  In  order  to  make  this  paper  consistent,  it  will  be 
necessary  for  me  to  go  rapidly  over  the  fundamental  features  of 
the  device  and  that  portion  will  not,  of  course,  be  original  with 
myself,  except  as  to  the  method  by  which  I  develop  the  subject. 
In  the  latter  part  of  the  paper  will  be  given  some  of  the  practical 
applications  of  the  curve  that  I  have  never  seen  published  and 
which  are  entirely  my  own. 

When  analyzing  the  cost  of  earthwork,  the  most  variable 
item  of  cost  is  found  to  be  that  depending  on  the  distance  hauled. 
As  it  is  manifestly  impracticable  to  calculate  the  exact  distance 
to  which  every  individual  cartload  of  earth  has  been  moved,  it 
becomes  necessary  to  devise  a  means  which  will  give  at  least  an 
equivalent  of  the  haulage  of  all  the  earth  moved.  Evidently  the 
average  haul  for  any  mass  of  earth  moved  is  equal  to  the  distance 
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from  the  center  of  gravity  of  the  excavation  to  the  center  of 
gravity  of  the  embankment  formed  by  the  excavated  material. 


Fig.  1. — Simple  Typical  Case,  Showing  Average  Haul. 


Fig.  1  shows  a  simple  typical  case  in  which  the  cut  on  the  left 
will  be  used  up  in  forming  the  embankment  on  the  right  up  to 
the  point  c.  a  is  the  position  of  the  center  of  gravity  of  the  cut 
and  b  that  of  the  fill,  and  the  horizontal  distance  between  a  and  b 
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represents  the  average  haul.  As  a  rough  approximation,  the  center 
of  gravity  of  a  cut  (or  fill)  may  sometimes  he  considered  to  coin¬ 
cide  with  the  center  of  gravity  of  that  part  of  the  profile  repre¬ 
senting  it,  but  the  error  is  frequently  very  large.  The  center  of 
gravity  may  be  determined  by  various  methods,  but  the  method 
of  the  “  mass  curve  '*  accomplishes  the  same  ultimate  purpose 
(the  determination  of  the  haul)  with  all  sufficient  accuracy,  and 
also  furnishes  other  valuable  information. 

In  Fig.  2,  let  Ar  Br  ...  .  G'  represent  a  profile  and  grade  line 
drawn  to  the  usual  scales.  Assume  A'  to  be  a  point  past  which 
no  earthwork  will  be  hauled.  Above  every  station  point  in  the 
profile  draw  an  ordinate  which  will  represent  to  some  scale  the 
algebraic  sum  of  the  cubic  yards  of  the  cut  and  fill  (calling  cut  + 
and  fill  — )  from  the  point  A'  to  the  point  considered.  In  doing 
this,  shrinkage  must  be  allowed  for  by  considering  how  much 
embankment  would  actually  be  made  by  so  many  cubic  yards  of 
excavation  of  such  material.  For  example  it  will  be  found  that 
1000  cubic  yards  of  sand  or  gravel,  measured  in  place,  will  make 
about  920  cubic  yards  of  embankment;  therefore  all  cuttings  in 
sand  or  gravel  should  be  discounted  in  about  this  proportion. 
Excavations  in  rock  should  be  increased  in  the  proper  ratio.  In 
short,  all  excavations  should  be  valued  according  to  the  amount 
of  settled  embankment  that  could  be  made  from  them. 
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The  computations  may  be  made  systematically,  as  shown 
in  the  tabular  form.  Place  in  the  first  column  a  list  of  the  sta¬ 
tions;  in  the  second  column,  the  number  of  cubic  yards  of  cut 
or  fill  between  each  station  and  the  preceding  station ;  in  the 
third  and  fourth  columns,  the  kind  of  material  and  the  proper 
shrinkage  factor;  in  the  fifth  column,  a  repetition  of  the  quanti¬ 
ties  in  cubic  yards,  except  that  the  excavations  are  diminished 
(or  increased,  in  the  case  of  rock)  to  the  number  of  cubic  yards 
of  settled  embankment,  which  may  be  made  from  them.  In  the 
sixth  column,  place  the  algebraic  sum  of  the  quantities  in  the 
fifth  column  (calling  cuts  T,  and  fills  — )  from  the  starting 
point  to  the  station  considered.  These  algebraic  sums  at  each 
station  will  be  the  ordinates,  drawn  to  some  scale,  of  the  mass 
curve.  (See  Fig.  2.) 

The  scale  to  be  used  will  depend  somewhat  on  whether  the 
work  is  heavy  or  light,  but  for  ordinary  cases  a  scale  of  2,000  to 
5,000  cubic  yards  per  inch  may  be  used.  Drawing  these  ordi¬ 
nates  to  scale,  a  curve,  A,  B  .  .  .  G,  may  be  obtained  by  joining  the 
extremities  of  the  ordinates. 

Properties  of  the  Curve. 

(1)  The  curve  will  be  rising  while  over  cuts,  and  falling  while 
over  fills. 

(2)  A  tangent  to  the  curve  will  be  horizontal  (as  at  B,  D,  E, 
and  F),  when  passing  from  cut  to  fill,  or  from  fill  to  cut. 

(3)  When  the  curve  is  beloiv  the  “  zero  line,"  it  shows  that  ma¬ 
terial  must  be  drawn  backward  (to  the  left) ;  and  vice  versa,  when 
the  curve  is  above  the  zero  line,  it  shows  that  material  must  be 
drawn  forward  (to  the  right). 

(4)  When  the  curve  crosses  the  zero  line  (as  at  A  and  C ),  it 
shows  (in  this  instance)  that  the  cut  between  A'  and  B'  will  just 
provide  the  material  required  for  the  fill  between  Bf  and  C ,  and 
that  no  material  should  be  hauled  past  C',  or,  in  general,  past  any 
intersection  of  the  mass  curve  and  the  zero  line. 

(5)  If  any  horizontal  line  be  drawn  (as  ab ),  it  indicates  that 
the  cut  and  fill  between  a'  and  b'  will  just  balance. 

(6)  When  the  center  of  gravity  of  a  given  volume  of  material 
is  to  be  moved  a  given  distance,  it  makes  no  difference  (at  least, 
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theoretically)  how  far  each  individual  load  may  be  hauled,  or 
how  any  individual  load  may  be  disposed  of.  The  summation 
of  the  products  of  each  load  times  the  distance  hauled  will  be  a 
constant,  whatever  the  method,  and  will  equal  the  total  volume 
times  the  movement  of  the  center  of  gravity.  The  average  haul, 
which  is  the  movement  of  the  center  of  gravity,  will,  therefore, 
equal  the  summation  of  these  products  divided  by  the  total  vol¬ 
ume.  If  we  draw  two  horizontal  parallel  lines  at  an  infinitesimal 
distance,  dx ,  apart,  as  at  a5,»the  small  increment  of  cut,  dx  at  a', 
will  fill  the  corresponding  increment  of  fill  at  b',  and  this  mate¬ 
rial  must  be  hauled  the  distance,  ab.  Therefore,  the  product  of 
ab  and  dx,  which  is  the  product  of  distance  times  volume,  is  rep¬ 
resented  by  the  area  of  the  infinitesimal  rectangle  at  ab,  and  the 
total  area,  A,  B,  C,  represents  the  summation  of  volume  times  dis¬ 
tance  for  all  the  earth- movement  between  A'  and  C'.  This  sum¬ 
mation  of  products  divided  by  the  total  volume  gives  the  average 
haul. 


(7)  The  horizontal  line  (see  Fig.  3),  tangent  at  E,  and  cutting 
the  curve  at  e,f,  and  g ,  shows  that  the  cut  and  fill  between  ef  and 
E'  will  just  balance  and  that  a  possible  method  of  hauling  (whether 
desirable  or  not)  would  be  to  “  borrow  ”  earth  for  the  fill  between 
C  ande',  use  the  material  between  D'  and  E'  for  the  fill  between 
18 
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e'  and  Df  and  similarly  balance  cut  and  fill  between  Ef  and  /' 
and  also  between  /'  and  g' . 

(8)  Similarly  the  horizontal  line  h  k  l  m  may  be  drawn  cutting 
the  curve,  which  will  show  another,  possible  method  of  hauling. 
According  to  this  plan,  the  fill  between  C"  and  h'  would  be  made 
by  borrowing;  the  cut  and  fill  between  h'  and  k '  would  balance; 
also  that  between  k'  and  V  and  between  V  and  m'.  Since  the  area 
eh  D  k  E  represents  the  measure  qf  haul  for  the  earth  between  e' 
and  Ef,  and  the  other  areas  measure  the  corresponding  hauls 
similarly,  it  is  evident  that  the  sum  of  the  areas  eh  I)  k  E  and 
El  Fmf,  which  is  the  measure  of  haul  of  all  the  material  be¬ 
tween  e'  and  /',  is  largely  in  excess  of  the  sum  of  the  areas  h  I)  k, 
k  E  l  and  l  Em,  plus  the  somewhat  uncertain  measures  of  haul  due 
to  borrowing  material  for  e'  h’  and  wasting  the  material  between 
m'  and/'.  Therefore,  to  make  the  measure  of  haul  a  minimum, 
a  line  should  be  drawn  which  will  make  the  sum  of  the  areas 
between  it  and  the  mass-curve  a  minimum.  Of  course,  this  is 
not  necessarily  the  cheapest  plan,  as  it  implies  more  or  less  bor¬ 
rowing  and  wasting  of  material  which  may  cost  more  than  the 
amount  saved  in  haul.  The  comparison  of  the  two  methods  is 
quite  simple,  however.  Since  the  amount  of  the  fill  between  e' 
and  h'  is  represented  by  the  difference  of  the  ordinates  at  e  and  h, 
and  similarly  for  m'  and/',  it  follows  that  the  amount  to  be  bor¬ 
rowed  between  e'  and  h!  will  exactly  equal  the  amount  wasted 
between  m!  and/'.  By  the  first  of  the  above  methods  the  haul 
is  excessive,  but  is  definitely  known  from  the  mass  diagram  and 
all  of  the  material  is  utilized ;  by  the  second  method  the  haul  is 
reduced  to  about  one-half,  but  there  is  a  known  quantity  in  cubic 
yards  wasted  at  one  place  and  the  same  quantity  borrowed  at 
another.  The  length  of  haul  necessary  for  the  borrowed  material 
would  need  to  be  ascertained ;  also  the  haul  necessary  to  waste 
the  other  material  at  a  place  where  it  would  be  unobjectionable. 
Frequently  this  is  best  done  by  widening  an  embankment  beyond 
its  necessarv  width. 

%j 

(9)  Suppose  that  it  were  deemed  best,  after  drawing  the  mass 
curve,  to  introduce  a  trestle  between  s'  and  v',  thus  saving  an 
amount  in  fill  equal  to  tv.  If  such  had  been  tire  original  design, 
the  mass  curve  would  have  been  a  straight  horizontal  line  between 
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s  and  t,  and  would  continue  as  a  curve  which  would  be  at  all 
points  a  distance  t  v  above  the  curve  v  Fzm  f  G g.  If  the  line  Ef 
is  to  be  used  as  a  zero  line,  its  intersection  with  the  new  curve  at 
x  will  show  that  the  material  between  E'  and  2'  will  just  balance 
if  the  trestle  is  used  and  that  the  amount  of  haul  will  be  measured 
by  the  area  between  the  line  Ex  and  the  broken  line  Estx.  The 
same  computed  result  may  be  obtained  without  drawing  the 
auxiliary  curve  tx  n  .  .  .  .  by  drawing  the  horizontal  line  zy  at 
a  distance  x z  (=  t  v)  below  E x.  The  amount  of  the  haul  can 
then  be  obtained  by  adding  the  area  between  Es  and  the  hori¬ 
zontal  line  Ex,  the  rectangle  between  st  and  E  x  and  the  irregu¬ 
lar  area  between  vFz  and  y....z  (which  last  is  evidently 
equal  to  the  area  between  t  x  and  E .  .  x).  The  disposal  of 
the  material  at  the  right  of  z'  would  then  be  governed  by  the 
indications  of  the  profile  and  mass  curve  which  would  be  found 
at  the  right  of  g' .  In  fact,  it  is  difficult  to  decide  with  the  best  of 
judgment  as  to  the  proper  disposal  of  material  without  having  a 
mass  curve  extending  to  a  considerable  distance  each  side  of  that 
part  of  the  road  under  immediate  consideration. 

Area  of  the  Mass  Curve. 

The  area  ma}r  be  computed  most  readily  by  means  of  a  planim- 
eter,  which  is  capable  with  reasonable  care  of  measuring  such 
areas  with  as  great  accuracy  as  is  necessary  for  this  work.  If 
no  such  instrument  is  obtainable  the  area  may  be  obtained  bv 
an  application  of  “Simpson’s  rule.”  The  ordinates  will  usually 
be  spaced  100  feet  apart.  Select  an  even  number  of  such  spaces, 
leaving,  if  necessary,  one  or  more  triangles  or  trapezoids  at  the 
ends  for  separate  and  independent  computation.  Let  y0...  y  „ 
be  the  ordinates,  i.e.,  the  number  of  cubic  yards  at  each  full  sta- 
tion  of  the  mass  curve,  the  figures  in  column  six  of  the  above 
tabular  form.  Let  the  uniform  distance  between  ordinates 
(=100  feet)  be  called  1,  i.e.  one  station.  Then  the  units  of  the 
resulting  area  will  be  cubic  yards  hauled  one  station.  Then  the 
Area  =  J  [y0  +  4  (i/2  T*  3/3  +  •  •  •  y  («-i))  T  2  (y2  +  t/4  +  •  ••  y  (,»- 2))  4-  y»] 

When  an  ordinate  occurs  at  a  substation,  the  best  plan  is  to 
ignore  it  at  first  and  calculate  the  area  as  above.  Then  if  the 
difference  involved  is  too  great  to  be  neglected,  calculate  the  area 
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of  the  triangle  having  the  extremity  of  the  ordinate  at  the  sub¬ 
station  as  an  apex  and  the  extremities  of  the  ordinates  at  the 
adjacent  stations  as  the  ends  of  the  base.  This  may  be  done  by 
finding  the  ordinate  at  the  substation  that  would  be  a  propor¬ 
tional  between  the  ordinates  at  the  adjacent  full  stations.  Sub¬ 
tract  this  from  the  real  ordinate  (or  vice  versa)  and  multiply  the 
difference  by  J  X  1.  An  inspection  will  often  show  that  the 
correction  thus  obtained  would  be  too  small  to  be  worthy  of  con¬ 
sideration.  If  there  is  more  than  one  substation  between  two 
full  stations  the  corrective  area  will  consist  of  two  triangles  and 
one  or  more  trapezoids  which  may  be  similarly  computed — if 
necessary. 

When  the  zero  line  (Fig.  3)  is  shifted  to  e E,  the  drop  from  Cn 
to  E  is  known  in  the  same  units,  cubic  yards.  This  constant 
may  be  subtracted  from  the  numbers  (column  six  in  the  tabular 
form)  representing  the  ordinates  and  will  thus  give,  without  any 
scaling  from  the  diagram,  the  exact  value  of  the  modified  ordi¬ 
nates. 


Limit  of  “  Free-Haul.” 

It  is  sometimes  specified  in  contracts  for  earthwork  that  all 
material  shall  be  entitled  to  free  haul  up  to  some  specified  limit 
(say  500  or  1,000  feet)  and  that  all  material  drawn  farther  than 
that  shall  be  entitled  to  an  allowance  on  the  excess  of  distance. 
It  is  manifestly  impracticable  to  measure  the  excess  for  each 
load,  as  much  so  as  to  measure  the  actual  haul  of  each  load. 
The  mass  curve  also  solves  this  problem  very  readily.  Let  Fig. 
4  represent  a  profile  and  mass  curve  for  about  2,000  feet  of  road 
and  suppose  that  800  feet  is  taken  as  the  limit  of  free  haul. 
Find  two  points,  a  and  b,  m  the  mass  curve  which  are  on  the 
same  horizontal  line  and  which  are  800  feet  apart.  Project  these 
points  down  to  a'  and  br.  Then  the  cut  and  fill  between  a'  and 
b'  will  just  balance  and  the  cut  between  A'  and  a'  will  be  needed 
for  the  fill  between  b'  and  C' .  In  the  mass  curve,  the  area  be¬ 
tween  the  horizontal  line  a  b  and  the  curve  aBb  represents  the 
haulage  of  the  material  between  a '  and  b'  which  is  all  free.  The 
rectangle  abmn  represents  the  haulage  of  the  material  in  the  cut 
A'  a'  across  the  800  feet  from  a'  to  bf.  This  is  also  free.  The 
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sum  of  the  two  areas  A  am  and  bn  C  represents  the  haulage  en¬ 
titled  to  an  allowance,  since  it  is  the  summation  of  the  products 
of  cubic  yards  times  the  excess  of  distance  hauled. 


B 


If  the  amount  of  cut  and  fill  was  symmetrical  about  the  point 
B' ,  the  mass  curve  would  be  a  symmetrical  curve  about  the  ver¬ 
tical  line  through  B,  and  the  two  limiting  lines  of  free  haul 
would  be  placed  symmetrically  about  B  and  B'.  In  general 
there  is  no  such  symmetry,  and  frequently  the  difference  is  con¬ 
siderable.  The  area  a  B  bn  m  will  be  materially  changed  accord¬ 
ing  as  the  two  vertical  lines  am  and  bn,  always  800  feet  apart, 
are  shifted  to  the  right  or  left.  It  is  easy  to  show  that  the 
avesiaBbnm  is  a  maximum  when  a  b  is  horizontal.  The  mini¬ 
mum  value  would  be  obtained  either  when  m  reached  A  or  n 
reached  C,  depending  on  the  exact  form  of  the  curve.  Since  the 
position  for  the  minimum  value  is  manifestly  unfair,  the  best 
definite  value  obtainable  is  the  maximum,  which  must  be  ob- 
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tained  as  above  described.  Since  aBbnm  is  made  maximum, 
the  remainder  of  the  area,  which  is  the  allowance  for  overhaul, 
becomes  a  minimum.  The  areas  A  am  and  bCn  may  be  ob¬ 
tained  with  a  planimeter  or  by  the  application  of  Simpson’s 
rule.  If  the  whole  area  AaBbCA  has  been  previously  com¬ 
puted,  it  may  be  more  convenient  to  compute  the  area  aBbnm 
and  subtract  it  from  the  total  area. 

Since  the  intersections  of  the  mass  curve  and  the  “zero  line” 
mark  limits  past  which  no  material  is  drawn,  it  follows  that 
there  will  be  no  allowance  for  overhaul  except  where  the  dis¬ 
tance  between  consecutive  intersections  of  the  zero  line  and  mass 
curve  exceeds  the  limits  of  free-haul. 

Frequently  all  allowances  for  overhaul  are  disregarded  ;  the 
profiles,  estimates  of  quantities,  and  the  required  disposal  of 
material,  are  shown  to  bidding  contractors  and  they  must  then 
make  their  own  allowances  and  bid  accordingly.  This  method 
has  the  advantage  of  avoiding  possible  disputes  as  to  the  amount 
of  the  overhaul  allowance  and  is  popular  on  this  account.  On 
the  other  hand  the  facility  with  which  different  plans  may  be 
studied  and  compared  would  lead  to  the  adoption  of  a  better  plan 
and  the  elimination  of  uncertainty  would  lead  to  a  safe  reduction 
of  the  bid.  - 

4 

Value  of  the  Mass  Curve. 

The  great  value  of  the  mass  curve  lies  in  the  readiness  with 
which  different  plans  for  the  disposal  of  material  may  be 
examined  and  compared.  When  the  mass  curve  is  once  drawn, 
it  will  generally  require  only  a  shifting  of  the  horizontal  line  to 
show  the  disposal  of  the  material  by  any  proposed  method.  The 
mass  curve  also  shows  the  extreme  length  of  haul  that  will  be 
required  by  any  proposed  method  of  disposal  of  material.  This 
brings  into  consideration  the  “  limit  of  profitable  haul.”  With 
each  method  of  carrying  material  there  is  some  limit  beyond 
which  the  expense  of  hauling  will  exceed  the  loss  resulting  from 
borrowing  and  wasting.  With  wheelbarrows  and  scrapers  the 
limit  of  profitable  haul  is  comparatively  short,  with  carts  and 
tramcars  it  is  much  longer,  while  with  locomotives  and  cars  it 
may  be  several  miles.  If,  in  Fig.  3,  e  E  or  E f  exceeds  the  limit 
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of  profitable  haul  it  shows  at  once  that  some  such  line  as  h  I:  l  m 
should  he  drawn  and  the  material  disposed  of  accordingly. 

In  conclusion  I  wish  to  especially  emphasize  the  point  in 
regard  to  the  reduction  of  the  hid  for  earth  work  rendered  possi¬ 
ble  by  this  method.  You  know  that  the  average  railroad  con¬ 
tractor  is  a  man  who  is  very  apt  to  make  his  estimate  according 
to  “judgment.”  He  will  look  at  the  profile  and  from  a  mere  in¬ 
spection  of  it  will  make  his  estimate,  and,  of  course,  his  experi¬ 
ence  will  often  enable  him  to  make  a  close  estimate  as  to  what 
he  could  do  in  disposing  of  that  material.  When  a  graphical 
method,  based  upon  mathematical  principles,  is  employed,  the 
guesswork  is  reduced,  assuming,  of  course,  that  judgment  is 
used  in  allowing  properly  for  shrinkage,  etc.  It  is  possible  to  so 
diminish  the  uncertainty  of  it  that  a  railroad  may  specify  a  dis¬ 
posal  of  material  and  thereby  reduce  the  necessary  expenses  and 
bring  the  cost  of  the  earthwork  to  a  minimum.  Then  the  speci¬ 
fications  can  be  submitted  to  the  contractors  and  they  can  at  once 
see  that  the  work  will  cost  them  a  certain  sum.  By  reducing  the 
uncertainty  of  the  work  the  bid  can  safely  he  reduced  and  proba¬ 
bly  will  be. 

DISCUSSION. 

A.  E.  Lehman. — I  would  like  to  ask  to  what  extent  the  author  has 
used  this  curve  in  establishing  grades ;  not  only  in  calculating  after  grades 
are  established,  but  in  laying  out  grades. 

Prof.  Webb. — I  may  say  that  my  personal  experience  has  been  as  a 
teacher  rather  than  as  a  practical  engineer.  I  have  never  had  occasion 
to  use  this  curve  for  practical  work,  except  in  teaching  it  to  students,  and 
in  such  field  work  as  the  students  do.  I  can  certainly  see  the  value  in 
regard  to  its  bearings  on  establishing  a  grade  line,  because,  after  estab¬ 
lishing  a  grade  line  and  making  computations  as  to  the  amount  of  cut  and 
fill,  one  can  then  go  to  work  readily  and  by  drawing  various  “  zero  lines," 
as  I  call  them,  may  determine  what  disposal  of  material  may  be  made 
according  to  that  particular  grade  line.  Then,  if  it  is  desired  to  study 
another  grade  line,  it  may  readily  be  done  and  the  changes  to  be  made 
will  be  readily  made.  The  strong  point  of  this  method  is  the  fact  that 
the  engineer  in  his  office  can  study  a  half  dozen  different  plans  with  great 
facility,  and  a  glance  will  often  show  him  that  the  maximum  hauling  will 
be  excessive,  and  therefore  that  some  particular  plan  should  not  be  adopted* 
but  that  he  must  try  some  other  plan. 
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E.  M.  Nicholls. — The  only  uncertain  point  that  I  can  see  is  the  shrink¬ 
age  of  the  embankments;  otherwise  I  cannot  see  that  there  is  any  fault  to 
be  found  with  the  method.  It  certainly  cannot  help  but  enable  the 
engineer  to  so  proportion  his  grades  as  to  get  a  minimum  of  economy 
within  certain  limits.  Particularly  is  it  of  value  to  an  engineer  in  the 
field  to  answer  lots  of  questions  which  the  contractor  or  sub-contractor 
may  spring  on  him  at  any  moment.  I  know  very  often  I  have  had  to 
answer  questions  which  have  involved  labor  for  myself  and  rodmen  for 
four  or  five  hours. 

I  may  say  further,  there  has  been  considerable  trouble  with  contractors 
in  computing  overhaul  for  the  reason  that  where  there  are  borrow  pits 
and  the  specifications  say  that  all  earthworks  shall  be  measured  in  em¬ 
bankments,  the  shrinkage  will  cut  less  figure,  or  the  increase  you  will  get 
from  rock  work  will  cut  less  figure.  The  general  rule  of  the  ordinary  spe¬ 
cification  was — I  have  not  done  any  railroad  work  for  several  years — that 
everything  is  measured  in  excavation. 

D.  A.  Hegarty. — We  have  used  that  method,  but  not  for  measuring 
up  for  the  contractor.  We  used  the  method  for  arriving  at  the  grade  and 
distribution  of  the  material.  For  the  contractor  it  generally  always  is 
provided  in  specifications,  to  make  up  estimates  from  measurement  of 
material  excavated  from  cut. 

Prof.  Webb  (in  reply  to  an  inquiry  as  to  how,  in  the  event  of  a  change 
of  grade,  the  zero  line  is  changed  to  equalize  the  cuts  and  fills). — When¬ 
ever  the  grade  is  changed  the  volume  is  utterly  changed  and  one  must 
begin  over  again,  make  a  new  column  of  figures,  draw  a  new  mass  curve 
and  make  new  calculations.  The  grade-line  cannot  be  changed  at  all 
without  changing  the  whole  thing.  Of  course,  in  the  case  of  a  river,  or 
very  deep  ravine,  that  has  to  be  crossed  by  a  viaduct,  no  material  can  be 
hauled  past  that  and  the  mass  curve  will  end  there.  On  the  other  side  of 
the  river  it  will  be  necessary  to  begin  a  new  mass  curve.  That  is,  a  mass 
curve  need  only  be  considered  in  sections  between  intersections  of  the 
mass  curve  with  the  zero  line. 

Mr.  Nicholls. — In  regard  to  making  those  changes  I  would  suggest 
that  one  could  alter  the  zero  lines  from  a  perfectly  horisontal  one  to  arrive 
at  the  result  obtained  in  that  way.  Of  course  it  is  necessary  when  any 
change  is  made,  to  decide  upon  the  permanent  grade  line  and  re-compute 
the  mass  area  from  that.  For  preliminary  work  in  making  an  estimate 
to  get  the  proper  grade  line  for  the  cut  and  fill,  I  think  the  zero  line 
could  be  thrown  from  a  perfectly  horizontal  one  without  making  any 
deduction. 

Prof.  Webb. — I  think  one  objection  to  doing  that  is  this,  the  mass 
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curve  is  formed  from  ordinates  which  represent  in  each  case  the  amount 
of  cut  and  fill  from  some  starting  point  to  lhat  point.  As  soon  as  the 
grade  line  is  changed  those  ordinates  are  changed.  Therefore,  changing 
the  direction  of  the  zero  line  would  not  answer,  because  the  curve  itself 
has  to  be  altered. 

L.  Y.  Schermerhorn. — It  occurs  to  me  that  the  mass  curve  involves 
the  difference  between  place  measurement  and  fill  which  has  to  be  assumed. 
Prof.  Webb  assumed  it  in  the  illustration  he  used  as  H)  per  cent,  for  earth. 
10  per  cent,  to  12  per  cent,  is  about  the  average  taken  by  engineers.  It 
must  differ  in  all  classes  of  material.  In  our  experience  the  question  is 
asked  what  is  the  difference  between  scow  and  place  measurement?  It  is 
very  frequently  assumed  at  20  per  cent.,  that  is  that  scow  measurement  is 
20  per  cent,  in  excess  of  place  measurement.  We  find  from  observation 
in  material  largely  composed  of  sand  that  scow  measurement  exceeds 
place  measurement  by  about  12  to  15  per  cent.  If  the  material  is  gravel 
it  may  be  as  low  as  10  per  cent.  In  clay,  which  comes  up  in  quite  large 
masses  in  the  dippers  and  goes  to  the  scow  in  that  condition,  we  find  the 
scow  measurement  increased  as  high  as  25  per  cent.  So  in  gravel,  where 
the  coefficient  is  least  to  the  plastic  clays,  where  the  coefficient  is  largest, 
we  have  a  difference  probably  of  15  per  cent.  In  railroad  work  there 
wTould  not  be  quite  so  wide  limits  as  I  have  indicated,  but  they  would  vary 
considerably  from  10  percent. — perhaps  more  upon  the  far  side  of  10  per 
cent,  than  from  the  near  side.  It  seems  to  me  that  the  argument  Prof. 
Webb  makes  must  be  based  upon  an  arbitrary  conclusion  as  to  the 
relation  between  the  measurement  of  excavation  and  fill. 

Prof.  Webb. — I  may  have  been  misunderstood  in  regard  to  the  matter 
of  coefficient  of  shrinkage.  There  is  no  necessity  for  employing  the 
same  coefficient  throughout.  The  line  of  road  goes  through  a  certain 
cut  and  it  is  assumed  that  it  is,  e.g.t  in  sandy  soil  and  would  have  a  cer¬ 
tain  coefficient  of  shrinkage  in  the  settle  cl  embankment  made  from  it, 
and  that  is  used  in  the  column  of  figures  in  changing  the  volume  of  ex¬ 
cavation  made.  The  next  excavation  encountered  will  be  seen  to  consist 
of  so  many  yards  of  loamy  soil  and  so  many  of  rock,  and  it  will  be  neces¬ 
sary  to  figure  up  the  equivalent  volume  of  settled  embankment  which 
will  be  furnished  from  that  excavation  as  it  is  made.  So  many  yards  of 
loam,  with  coefficient  of  shrinkage  for  that  and  for  the  rock,  a  coefficient 
fov  expansion  are  taken,  and  then  in  the  fifth  column  is  put  down  what  it 
amounts  to,  in  fact,  just  what  amount  in  cubic  yards  it  is  estimated  will 
be  made  in  settled  embankment  from  so  many  yards  of  excavation.  The 
engineer  must  always  vary  his  calculation  according  to  the  conditions, 
and  so  it  depends  upon  the  judgment  of  the  engineer  as  to  what  will  be 
the  coefficient  of  expansion. 
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Mr.  Schermerhorn. — The  coefficient  will  increase  as  the  height  of 
the  embankment  increases. 

Mr.  Nicholls. — As  I  remarked  before,  the  uncertain  part  is  the  shrink¬ 
age;  not  only  the  height  of  the  embankment,  but  the  method  of  handling 
cuts  a  figure.  We  know  that  whether  we  use  the  drag  or  wheel  scraper, 
and  the  method  in  which  you  deposit  it  in  the  bank,  whether  from  a 
narrow  ridge  in  center,  or  whether  you  bring  it  up  level  from  the  bottom 
all  through,  makes  a  difference  in  the  shrinkage.  The  team  will  tramp 
over  it  as  much  with  a  scraper  load  of  one-fourth  yard  as  with  a  wagon 
that  hauled  a  yard  and  a  half.  The  wagon  would  compact  more  than  the 
scraper  for  one  load,  but  in  the  aggregate  it  would  be  much  less.  The 
only  way  that  can  be  used  as  a  guide  to  go  by  in  settling  up  between  the 
contractor  and  the  company  in  regard  to  excess  of  hauling  is  to  have  the 
specification  determine  the  allowance  for  shrinkage.  It  is  a  matter  of 
estimate,  and  if  left  open  each  man  can  estimate  according  to  his  own 
judgment. 

Tuos.  G.  Janvier. — Regarding  coefficient  for  shrinkage,  in  all  my 
practice  I  have  foreseen  the  trouble  with  the  contractor  in  reference 
to  that,  and  have  made  my  specifications  to  cover  it  by  saying  that  the 
contractor  will  be  paid  for  his  excavation  measured  in  the  excava¬ 
tion,  no  allowance  for  fill.  In  that  way  there  is  no  allowance  for  settle* 
ment,  and  if  the  contractor  understands  that  in  the  beginning  he  is  per¬ 
fectly  satisfied  with  the  measurements  and  there  has  never  been  any  dis¬ 
pute  about  allowance  for  shrinkage.  I  remember  one  case  where  the  fill 
was  in  a  low  point  of  work  and  in  the  filling  a  dam  was  made  where  a 
large  amount  of  water  collected  and  we  kept  filling  in  there  for  a  long 
time,  it  settled  very  much.  The  contractor  claimed  he  should  be  paid  for 
settling  in  the  fill,  but  the  specification  said  he  should  be  paid  in  the  ex¬ 
cavation  and  of  course  there  was  no  difficulty  about  settlement. 

Mr.  Lehman. — My  experience  corresponds  closely  with  Mr.  Janvier’s 
and  I  do  not  see  that  it  is  necessary  to  continue  the  discussion  on  that 
line.  I  think  I  see  how  this  mass  curve  can  be  used  for  the  purpose  of 
ascertaining  the  ideal  grade  line  in  a  railroad  location.  When  an  engineer 
seeks  to  establish  a  railroad  location,  it  should  be  his  aim  and  duty  to  ob¬ 
tain  the  most  perfect  line  the  topography  will  allow.  There  always  exists 
an  ideal  line  and  his  purpose  should  be  to  hunt  for  and  lay  down  such  a 
line,  so  long  as  he  can  be  governed  simply  by  engineering  conditions. 

Such  a  line  once  staked  out,  next  in  order  is  the  fixing  of  a  suitable 
grade  line  to  it.  As  there  is  no  definite  rule  by  which  this  can  be  done 
it  is  always  a  difficult  task  to  those  not  particularly  experienced  in  such 
work.  This  experience  is  about  all  the  locating  engineer  has  to  depend 
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on,  and  with  it  and  by  “  rule  of  thumb  ’ he  usually  settles  the  question. 
Hence  I  can  see  how  the  mass  curve  method  might  reduce  such  labor  to 
much  more  exactness  and  lesseu  the  difficulty  of  equalizing  the  excava¬ 
tion  and  embankments  and  adjusting  them  to  the  maximum  grade. 

It  appears  to  me,  however,  that  the  use  of  the  mass  curve  should  be 
called  into  service,  if  available  at  all,  before  the  work  of  construction 
begins,  rather  then  after,  and  not  only  used  in  the  questions  of  haul.  I 
know  well  the  difficulty  of  establishing  a  theoretically  correct  grade  line 
on  a  fixed  location.  As  far  as  I  know  there  are  no  satisfactory  rules  to 
govern  this,  and  if  the  mass  curve  will  prove  effective  to  this  end.it  will 
certainly  be  a  boon  to  the  locating  engineer. 

The  President. — In  my  experience  the  establishing  of  a  grade  line  is 
generally  fixed  to  a  maximum  grade,  and  it  is  not  always  possible  to 
equalize  the  cuts  and  fills.  For  instance,  in  going  across  a  long  meadow 
from  one  hill  to  another,  if  your  location  is  for  a  trunk  line  railroad  you 
could  not  in  all  cases  equalize  the  cuts  and  fills  there.  If,  however,  you 
are  making  a  location  for  a  cheap  railroad  you  may  be  able  to  equalize 
in  the  cuts  and  fills,  but  in  making  the  bold  location  you  should  keep  your 
grades  up  to  an  easy  line  and  borrow  material  from  a  side  ditch  or  else¬ 
where.  As  to  the  shrinkage  and  the  paying  of  the  contractor,  my  experi¬ 
ence  has  been  very  much  in  the  way  mentioned  by  Mr.  Janvier.  We  pay 
for  the  material  taken  from  the  excavation  and  nothing  measured  in  the 
fill.  We  also  avoid  classification  as  far  as  practicable,  i.e.,  the  contractor 
takes  rock  and  earth  and  everything  he  finds  in  the  cut,  all  at  the  same 
price  per  cubic  yard. 

In  some  cases  I  have  put  railroad  work  under  contract  at  a  price  per 
mile,  for  all  graduation  complete,  ready  for  the  ballast  and  track.  This 
further  simplifies  the  matter  and  eliminates  completely  all  classification 
and  price  per  quantity  of  material  moved — and  has  the  advantage  of  en¬ 
abling  those  interested  in  building  a  railroad  to  know  to  a  certainty  what 
it  will  cost  as  soon  as  it  is  placed  under  contract  to  a  responsible  con¬ 
tractor.  This  I  would  recommend  where  the  grading  is  light.  For  very 
heavy  cutting  and  filling,  with  bridge  work  it  is  a  little  too  general,.. 

Contractors  are  not  ignorant  by  any  means.  They  are  generally 
shrewd,  intelligent  business  men — that  is,  a  successful  and  reliable  con¬ 
tractor — and  to-day,  to  make  himself  fully  equipped,  associates  himself 
with  an  engineer;  so  the  two  are  found  to  be  a  little  more  than  equal  to 
the  engineer  on  the  other  side  of  the  contract.  So  it  is  well  to  eliminate 
the  old  method  of  classification  for  earth,  loose  rock,  solid  rock  and  hard 
pan,  so  common  to  all  of  us,  and  it  will  save  us  from  much  discussion  and 
difficulties,  often  very  hard  to  settle,  and  not  unfrequently  ending  in  the 
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courts.  I  think,  nevertheless,  that  this  graphical  method  laid  down  by 
Prof.  Webb  will  be  very  beneficial  in  many  ways  and  I  do  not  see  why 
engineers  and  contractors  should  not  take  hold  of  it.  It  will  save  them 
lots  of  time  and  I  am  glad  to  see  it  so  well  illustrated. 

Mr.  Janvier. — I  remember  a  very  interesting  case  I  once  had  with  a 
contractor.  He  had  a  great  deal  of  heavy  rock  excavation  and  also  a 
heavy  fill  right  along  the  bank  of  a  river.  I  took  my  cross-sections  and 
soundings  down  to  the  mud,  found  quite  a  steep  slope  into  the  river,  some 
places  running  down  20  feet ;  and  in  my  specifications  I  mentioned  the 
fact  and  also  specified  that  the  contractor  should  fill  in  first  with  the  stone 
from  the  excavations  and  afterwards  he  should  fill  in  with  earth.  He 
seemed  to  think  he  knew  better  how  to  do  it  and  commenced  filling  in 
with  the  dirt,  dumping  it  into  the  water.  After  getting  in  many  thou¬ 
sand  yards  of  it  he  put  stone  on  top.  You  can  imagine  the  result.  It  all 
went  out  into  the  river  and  he  had  to  commence  over  again.  He  tried  to 
put  the  blame  on  the  engineer,  but  the  specifications  settled  the  matter 
and  he  had  to  begin  over  again. 

Mr.  ISTcholls. — Mr.  Janvier  entirely  omits  to  say  anything  in  his 
specification  about  overhaul.  Prof.  Webb’s  paper  is  important  on  that 
one  subject,  in  determining  the  manner  in  which  material  shall  be 
handled.  It  is  a  common  thing  to  say  no  earth  shall  be  wasted  above  the 
grade  between  certain  points.  The  contractor  as  a  general  rule  wants  to 
know  where  he  is  going  to  dispose  of  that  material ;  and  if  bound  down 
by  certain  regulations  and  restrictions  he  wants  to  know  what  his  overhaul 
is  going  to  be.  That  is  where  the  method  will  have  the  most  value. 
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THE  ENGINEERING  CHEMISTRY  OF  CLAY 


At  the  meeting  of  September  18,  1897,  Dr.  Henry  Leffmann,  by  means  of  black¬ 
board  formulas,  described  the  composition  of  clay,  and  exhibited  four  samples  of 
material  in  which  the  pure  clay  had  been  separated  from  foreign  matters  in  a  way  to 
show  the  percentage  of  each.  He  described  the  physical  formation  of  clay,  and 
showed  the  character  of  rock  from  which  the  clay  is  obtained,  by  projecting  thin 
sections  upon  the  screen  bv  means  of  the  electric  lantern  with  microscope  and 
polarizing  attachments. 

Mr.  Harrison  Souder  cited  a  case  at  Germantown,  Philadelphia,  where  a  perfectly 
water-tight  dam  was  made  accidentally  by  a  pile  of  mica-schist  and  quarry-refuse 
which  had  been  dumped  in  a  gully. 

Prof.  Lewis  M.  Haupt  (visitor)  called  attention  to  the  incompleteness  of  our  infor¬ 
mation  regarding  clay,  and  stated  that  the  best  substance  for  reservoir-lining  was  a 
mixture  of  60  parts  of  gravel,  22  parts  of  sand  and  IS  parts  of  clay.  He  also  called 
attention  to  the  permanence  of  clay-banks  in  tropical  countries,  and  the  advantage  of 
cutting  out  the  clay  vertically,  instead  of  on  a  slope. 

Mr.  John  C.  Trautwine,  Jr.,  described  the  clay  which  had  been  got  from  the 
neighborhood  to  line  the  Queen-Lane  Reservoir,  and  attributed  its  porosity  to  the 
large  amount  of  mica  which  it  contained. 

Mr.  Max  Livingstone  called  attention  to  the  use  of  clay  for  the  refining  of  certain 
oils. 

At  the  same  meeting  Mr.  Joseph  T.  Richards  exhibited  and  described  lantern- 
views  of  a  small  dam  which  he  had  built  in  the  neighborhood  of  Philadelphia,  and 
lined  satisfactorily  with  the  clay  found  in  that  locality  ;  also  views  of  the  larger  dam 
at  South  Fork. 


BREAK  IN  LARGE  MAIN. 

At  the  meeting  of  October  2, 1897,  Mr.  JohnC.  Trautwine,  Jr.,  called  the  attention 
of  the  Club  to  several  matters  which  had  recently  occupied  the  attention  of  engineers 
in  the  Philadelphia  Bureau  of  Water,  including  a  break  in  a  30-inch  main,  the  char¬ 
acter  of  mud  deposit  in  a  reservoir,  and  the  method  of  calculating  the  pressure  on  a 
valve  in  a  pass-pipe  through  a  reservoir  embankment. 
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ABSTRACT  OF  MINUTES  OF  MEETINGS  OF  THE  CEUB. 


Regular  Meeting,  September  18,  1897. — The  President,  Joseph  T.  Richards,  in 
the  chair.  Fifty-one  members  and  visitors  present. 

Dr.  Henry  Lehmann  made  a  verbal  communication  on  “The  Engineering  Chem¬ 
istry  of  Clay.”  The  subject  was  discussed  by  Messrs.  Richards,  Souder,  Trautwine 
and  Livingston  and  L.  M.  Haupt  (visitor). 

Business  Meeting,  October  2,  1897. — The  President,  Joseph  T.  Richards,  in  the 
chair.  Sixty-eight  members  and  visitors  present.  The  tellers  of  election  reported 
that  Messrs.  Geo.  C.  Davis  and  Johnson  Hughes,  Jr.,  had  been  elected  active  mem¬ 
bers.  The  following  resolution  was  adopted  : 

“  That  there  shall  be  established  a  standing  committee  of  seven  members,  appointed 
from  the  active  membership,  to  be  called  The  Committee  on  the  Relations  of  the 
Engineering  Profession  to  the  Public. 

“  That  said  committee  shall  be  appointed  by  the  President  as  soon  as  practicable 
after  his  election,  and  shall  serve  until  its  successor  is  appointed. 

“  It  shall  be  the  duty  of  this  committee  to  inform  the  Club  of  any  public  action  or 
contemplated  legislation,  national,  State  or  municipal,  affecting  the  engineering  pro¬ 
fession  as  a  body  or  the  rights  and  privileges  of  engineers,  and  to  perform  such 
other  duties  concerning  the  relations  of  the  Club  to  the  public  as  may  from  time  to 
time  be  referred  to  it.” 

Prof.  J.  M.  Porter  read  a  paper  on  “  The  Delaware  River  Bridge  at  Easton,  Pa.” 
The  subject  was  discussed  by  Messrs.  John  C.  Trautwine,  Jr.,  Harrison  Souder,  F. 
Schumann,  E.  F.  Smith,  Joseph  T.  Richards,  and  R.  L.  Humphrey. 

Regular  Meeting,  October  16,  1897. — The  second  Vice-President,  Henry  Leff- 
mann,  in  the  chair.  Sixty-seven  members  and  visitors  present.  The  death  of  Mr. 
C.  G.  Hildreth,  associate  jnember,  was  announced.  Mr.  L.  Y.  Schermerhorn  read  a 
paper  entitled  “Breakwater  Construction  on  the  American  Coast.”  The  subject  was 
discussed  by  Messrs.  Birkinbine,  Christie,  Marburg  and  Webb. 

Regular  Meeting,  November  6,  1897. — The  President,  Joseph  T.  Richards,  in 
the  chair.  Seventy-one  metabers  and  visitors  present. 

A  resolution  was  adopted  commending  the  project  for  an  industrial  exhibition  to  be 
held  under  the  joint  auspices  of  the  Franklin  Institute  and  Philadelphia  Commercial 
Museums. 

Mr.  Benjamin  Franklin  read  a  paper  on  “Some  Features  of  Stone- Road  Construc¬ 
tion.”  The  subject  was  discussed  by  Messrs.  Janvier,  Hegarty,  Nicholls,  Christie, 
Furber,  Webb,  Schermerhorn,  Fuller,  and  Leffmann. 

Business  Meeting,  November  20,  1597. — The  President,  Joseph  T.  Richards,  in 
the  chair.  Fifty-five  members  and  visitors  present. 

The  President  announced  that  the  Board  of  Directors  had  decided  that  it  would  be 
appropriate  to  celebrate  the  twentieth  anniversary  of  the  organization  of  the  Club. 
December  17, 1897,  and  that  a  special  committee  had  been  appointed  to  make  arrange¬ 
ments.  Mr.  Eglin,  the  chairman  of  the  committee,  explained  that  the  celebration 
would  probably  take  the  form  of  a  dinner,  and  stated  that  full  particulars  would  be 
seat  to  all  the  members  shortly. 
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The  Secretary,  under  instructions  from  the  Board  of  Directors*,  called  attention  to 
the  fact  that  a  stated  meeting  of  the  Club  would  fall  on  the  evening  of  New  Year’s 
Day,  and  as  it  was  thought  that  there  would  be  few  members  present  at  that  time,  the 
President  was  requested  to  call  a  special  meeting  for  the  following  Saturday,  January 
8,  1898,  to  transact  the  regular  order  of  business. 

The  tellers  reported  that  at  the  election  held  on  this  date,  Messrs.  Howard  ('. 
Baird,  Arthur  B.  Davenport,  Jr..  J.  W.  Lad  on  x,  and  Henry  S.  Spademan  were 
elected  to  active  membership,  and  Mr.  Percy  H.  Wilson  to  junior  membership. 

Prof.  Walter  L.  Webb  presented  a  paper  on  “The  Mass  Curve  in  Earth  Work 
Computations”  The  subject  was  discussed  bv  Messrs.  Lehman,  Nichols,  Richards, 
E.  F.  Smi  h,  Schermerhorn  and  Janvier. 
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ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF  DIRECTORS. 


Special  Meeting,  Friday,  September  17,  1897. — Called  to  transact  all  pending 
business.  Present:  The  second  Vice-President,  Directors  Livingston, Schermerhorn, 
Eglin,  Hartley  and  Ott;  the  Secretary  and  the  Treasurer. 

The  Treasurer’s  report  showed  a  balance  on  hand,  September  1st,  of  $1395.81. 

The  Secretary  called  attention  to  the  fact  that  the  twentieth  anniversary  of  the 
Club’s  organization  would  occur  on  December  17th  next,  and  a  joint  committee  was 
appointed,  consisting  of  the  Information  and  House  Committees  of  the  Board,  to 
consider  the  advisability  of  having  a  celebration  at  that  time,  and  the  form  which  it 
should  take. 

Special  Meeting,  October  12,  1897. — Called  by  general  consent  to  transact  all 
pending  business.  Present:  The  Vice-Presidents,  Directors  Livingston,  Eglin, 
Hartley  and  Ott,  and  the  Secretary. 

Routine  business  was  transacted. 

Stated  Meeting,  Saturday,  October  16,  1897. — Present :  The  second  Vice-Presi¬ 
dent,  Directors  Livingston,  Schermerhorn,  Eglin,  Hartley,  Schumann,  and  the 
Secretary. 

Routine  business  was  transacted. 

Regular  Meeting,  Saturday,  November  20,  1897,  4.15  p.m. — Present:  The 
Vice-Presidents,  Directors  Livingston,  Schermerhorn,  Eglin,  Hartley,  Schumann 


and  Ott,  and  the  Secretary. 

The  Treasurer’s  report  showed  : 

Balance  from  August . $1,395  81 

Receipts  in  September .  112  60 

$1,508  41 

Expenditures  in  September .  255  23 

Balance  September  30,  1897 . $1,253  18 

Receipts  in  October . 262  50 

$1,515  68 

Expenditures  in  October .  1,059  88 

Balance  October  31,  1897 .  $455  80 


Resignations  of  Mr.  H.  Warren  K.  Hale,  and  Mr.  George  S.  Barrows,  from  mem¬ 
bership,  were  accepted. 

The  Publication  Committee  reported  that  the  publication  contract  had  been  dis¬ 
solved,  and  that  Messrs.  Armstrong  &  Fears  had  been  authorized  to  act  as  advertising 
agents  of  the  Proceedings. 
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ANNUAL  ADDRESS  OF  THE  RETIRING  PRESIDENT 

Joseph  T.  Richards. 

Delivered  January  15,  1898. 

Gentlemen: — If  there  were  some  new  way  of  expressing  thanks 
more  pointed  and  convincing  than  the  old  ways,  I  should  not 
fail,  as  I  am  likely  to  do,  in  conveying  to  you,  this  evening,  an 
adequate  sense  of  the  gratitude  I  have  felt  throughout  the  past 

i 

year  for  your  indulgence,  help,  and  favor.  Restricted,  however, 
to  well-worn  phrases,  I  can  only  assure  you  that  the  time  of  my 
presidency  will  always  remain  to  me  a  happy  memory,  not  only 
on  account  of  the  honor  which  I  hold  this  presidency  to  be,  but 
also  on  account  of  the  growth  and  progress  we  have  made  as  a 
club,  and  of  the  harmony  that  has  marked  our  proceedings.  It 
is  cause  for  congratulation  that  we  have  rounded  out  another  year 
of  good-fellowship  and  mutual  helpfulness;  while  the  able  keep¬ 
ing  to  which  we  will  trust  our  fortunes  for  the  coming  year  gives 
promise  of  still  wider  success. 

A  twelve-month  ago,  when  your  kindness  made  necessary  some 
inaugural  words  from  me,  I  spoke  of  what  was  then,  and  still  is, 
very  near  my  heart,  in  relation  to  the  new  building  which  this 
club  deserves,  and  which,  in  conjunction  with  similar  clubs  of 
Philadelphia,  it  owes  itself.  The  subject  has  not  lain  idle  during 
the  year.  The  growing  importance  of  engineering  as  a  profes- 
19 
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sion,  the  impetus  lately  given  to  all  kinds  of  building,  the  im¬ 
proved  finances  of  our  club,  the  increasing  need  of  union  among 
engineers,  all  point,  I  believe,  to  a  time  not  far  off,  when  a  fed¬ 
eration  of  Philadelphia  scientific  societies  will  be  lodged  in  a 
building  worthy  of  its  tenants.  I  am  the  more  hopeful  of  our 
work,  because  of  the  success  of  kindred  associations  within  the 
past  year  in  New  York  and  Paris.  Not  two  months  ago,  the 
American  Society  of  Civil  Engineers  opened  in  our  neighboring 
metropolis  a  handsome  club-house  in  what  seems  to  me,  consid¬ 
ering  the  esthetic  and  refining  influence  of  our  profession,  a  sig¬ 
nificant  position:  next  door  is  the  Central  Presbyterian  Church, 
opposite  is  the  gallery  of  the  Fine  Arts  Society,  and  around  the 
corner  is  the  Carnegie  Music  Hall.  The  American  Society,  it  is 
true,  has  a  wider  membership  than  ours,  and  a  larger  revenue; 
but,  on  the  other  hand,  their  building,  which  cost  $200,000,  is 
devoted  entirely  to  their  own  use,  while  ours,  if  of  equal  cost, 
might,  by  means  of  a  rent-roll,  become  a  source  of  profit;  or,  if 
small  in  proportion  to  our  means,  would  require  a  more  moderate 
outlay.  I  am  aware  that  time  is  necessary  to  mature  the  idea ; 
only  let  it  not  become  forgotten. 

The  year  lately  closed  has  seen  in  this  neighborhood  an  extra¬ 
ordinary  growth  in  building.  Indeed,  our  city  has  never  before 
witnessed  in  so  brief  a  time  the  rise  of  so  many  tall  structures. 
Whatever  may  be  thought  of  the  “  sky-scraper  ”  as  a  thing  of 
beauty,  safety,  or  profit,  it  is  in  one  way  a  gigantic  success — and 
that  is  as  an  engineering  product.  I  need  not  recount  the  diffi¬ 
culties  which  have  been  overcome  by  those  who  are  to  build  a 
twenty-fifth  story,  and  yet  remove  it  but  a  few  seconds  above  the 
street.  The  audacity  of  the  idea  is  lost  sight  of  in  its  frequent 
fulfilment.  One  can  only  with  difficult}7  realize  what  engineer¬ 
ing  has  done  within  twenty  years  for  the  material  needs  of  the 
business  world  in  the  way  of  architecture.  And  no  one  of  us 
need  be  ashamed,  if  the  glow  of  pride  warms  his  heart  on  looking 
at  the  great  fabric  close  by  us,  which  has  risen  at  the  touch  of 
the  engineer’s  wand.* 

Less  directly  the  outcome  of  professional  work,  yet  of  such  vast 
possible  importance  to  our  city  and  the  country  at  large  that  no 


*  Stephen  Girard  Building. 
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local  reviewof  the  past  year,  even  from  our  standpoint,  would  he 
complete  without  mention  of  it,  was  the  establishment  in  1S97  of 
the  Philadelphia  Commercial  Museum.  When  the  events  of  that 
year  are  gathered  into  the  pages  of  history,  this  enterprise,  I  ven¬ 
ture  to  predict,  will  outweigh  the  growth  of  navies  and  the  move¬ 
ments  of  politicians,  since  it  bears  the  stamp  of  a  heightening 
civilization,  and  makes  for  peace,  prosperity, and  the  healing  of  the 
nations.  The  agents  of  the  Museum  are  scattered  well  nigh  over 
the  whole  commercial  world.  Our  Consular  service  is  actively 
co-operating  in  this  work.  An  American  manufacturer  or  mer¬ 
chant  in  any  line  can  secure  definite  reports  on  the  conditions  he 
must  meet  in  any  foreign  market,  the  extent  of  trade,  prices, 
duties,  packing,  shipping  and  banking  facilities.  In  its  library 
will  be  the  whole  literature  of  manufacturing  and  commerce.  In 
its  museum  will  be  an  object-lesson  of  the  business  world.  The 
fact  that  twentv-five  Chambers  of  Commerce  in  the  United  States, 
and  forty  of  those  in  Spanish-American  Republics,  are  represented 
on  the  Advisory  Board,  and  that  the  Museum  is  looked  upon  by 
the  Government  at  Washington,  as  well  as  in  all  American  States, 
as  of  international  importance,  obliges  us  to  rate  the  Museum 
high,  and  as  one  of  the  most  valuable  assets  of  our  nation. 

The  improvement  of  our  harbor,  which  has  been  in  progress 
since  June,  1S93,  has  been  completed  within  a  few  months.  We 
have  now  a  well  established  channel  *2,000  feet  in  width,  from  20 
to  30  feet  deep  at  low  tide,  and  extending  from  the  new  bridge  to 
Kaighn’s  Point,  a  distance  of  about  six  miles.  To  accomplish  this, 
20,800,000  cubic  yards  of  material  were  removed,  including  123 
acres  of  solid  land  in  Smith’s,  Windmill  and  a  part  of  Petty’s 
Island.  Moreover,  the  river  channel  has  been  deepened  to  the 
capes,  so  that  now  it  is  nowhere  less  than  300  feet  wide  and  2G 
feet  deep.  The  new  bulkheads  along  Delaware  Avenue  are  being 
extended  to  make  the  street  130  feet  broad,  while  13  new  piers 
have  been  lengthened  to  the  new  exterior  pier  line,  making  them 
from  500  to  000  feet  long.  All  these  changes  have  greatly 
improved  our  water  front,  have  added  to  our  shipping  facilities, 
and  will,  we  trust,  materially  promote  our  commerce. 

In  contrast  with  the  commercial,  is  the  military  strengthening 
of  our  country.  Near  our  city,  we  notice  new  emplacements, 
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new  guns,  and  other  improvements  at  and  near  Fort  Delaware. 
The  defences  at  the  mouth  of  our  river  are  regarded  as  the  best 
on  the  coast.  These  defences  will  contain  a  large  number  of 
ten-inch  and  twelve-inch  guns  (several  now  in  position),  capable 
of  throwing  shells  a  dozen  miles,  and  of  piercing  a  twelve-inch 
armor  plate  at  half  that  distance.  These  guns  will  have  dis¬ 
appearing  carriages,  by  means  of  which  the  shock  of  firing  throws 
back  the  gun  upon  hydraulic  cylinders  and  permits  it  to  be 
loaded  out  of  sight  in  comparative  safety.  Furthermore,  the 
channel  of  the  Delaware  will  be  set  with  secret  mines  and  torpe¬ 
does,  to  be  sprung  by  electric  sparks,  should  a  hostile  vessel  suc¬ 
ceed  in  passing  the  capes.  In  the  way  of  floating  armaments, 
the  past  year  has  seen  the  completion  at  Cramp’s  yard  of  our 
largest  war-vessel,  the  Iowa.  No  one,  be  his  opinion  of  its  utility 
what  it  may,  can  inspect  such  a  prodigy  of  strength,  such  a  store¬ 
house  of  power,  without  marvelling  at  the  ingenuity,  accuracy, 
and  patience  of  its  architects  and  builders. 

Still  greater  admiration,  it  seems  to  me,  should  be  kindled  in 
our  minds  at  thought  of  those  new  monsters  of  the  deep,  such  as 
the  Kaiser  Wilhelm  der  Grosse,  and  the  vessels  of  the  American 
Line  belonging  to  the  International  Navigation  Co.,  and  their 
prodigious  achievements.  Personally,  I  am  a  little  fond  of  statis¬ 
tics  in  matters  of  this  kind,  and  like  to  think  of  a  ship  that  would 
just  fit  in  between  here  and  the  Public  Buildings;  of  the  Wash¬ 
ington  Monument  on  the  Potomac  being  able  to  lie  in  his  hold, 
(for  one  can  scarcely  say  her  of  those  vessels)  with  fifty  feet  to 
spare,  at  either  end ;  of  as  many  as  eighteen  water-tight  com¬ 
partments;  with  three,  and  even  four, graceful  funnels;  as  many 
as  seventy  engines,  great  and  small,  which  devour  a  train  of  coal 
every  day,  and  in  which  the  equivalent  of  30,000  horses  is  at 
work ;  their  population  of  2,000  souls ;  and  their  flight  like  sea¬ 
birds  from  shore  to  shore.  These  details  arouse  one’s  astonish¬ 
ment,  but  they  also  awaken  a  deeper  wonder  at  the  energy  and 
capacity  of  man  as  represented  in  our  profession,  and  of  his 
accumulating  victory  of  mind  over  matter  and  force. 

In  regard  to  railways,  the  advent  of  1898  is  marked  by  only  a 
small  increase  in  our  country,  less,  indeed, 'than  2,000  miles. 
The  United  States,  however,  continues  not  only  to  lead  the  world 
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in  her  mileage  of  tracks,  but  falls  not  very  much  short  of  equal¬ 
ling  that  of  all  the  other  continents  combined.  The  railroads  of 
the  United  States,  placed  end  to  end,  would  span  the  distance 
between  the  earth  and  the  moon  ;  those  of  China  would  reach 
only  from  New  York  to  Baltimore.  As  to  specific  works,  that 
which  will  connect  St.  Petersburg  with  the  Pacific  Ocean, six  and 
a  half  thousand  miles  away,  has  been  driven  rapidly  forward,  so 
that  three  daily  trains  are  running  each  way  over  the  2,000  miles 
of  road  now  opened.  The  locomotives  on  the  Trans-Siberian 
Railway,  it  is  interesting  to  note,  are  nearly  all  of  American 
make,  and  our  American  locomotive  builders  have  within  the 
past  year  booked  large  orders  for  locomotives  for  Europeon  rail¬ 
ways  in  competition  with  the  largest  English  and  Scotch  manu¬ 
facturers. 

Bridge  building  may  be  said  to  have  achieved  much  in  1  SOT. 
This  statement  finds  illustration  at  Columbia,  Pa.,  where  the  late 
wooden  bridge  of  the  Pennsylvania  Railroad  Company,  destroyed 
October  1,  1806,  by  a  terrific  wind,  has  been  replaced  by  one  of 
steel  more  than  a  mile  in  length;  the  steel  work  of  this  bridge 
was  erected  in  twenty-one  working  days.  A  still  more  nota¬ 
ble  replacement  has  been  made  where  the  Chicago,  Rock  Island 
&  Pacific  R.R.  crosses  the  Mississippi  at  Rock  Island.  Within 
the  memory  of  some  of  us,  the  good  people  of  Iowa  opposed 
bridging  that  river,  lest  if  the  first  bridge  were  allowed,  there 
would  in  time  be  one  every  50  miles,  “to  the  great  mischief 
of  commerce.”  After  the  original  Rock  Island  structure  was  fin¬ 
ished,  a  judge  of  the  U.  S.  District  Court  declared  it  a  nuisance, 
and  ordered  those  piers  which  stood  on  Iowa  soil  to  be  taken 
down.  A  law  suit  followed,  in  which  the  road  was  represented 
by  Abraham  Lincoln,  and  the  judge’s  order  was  reversed.  At 
Niagara,  the  old  suspension  bridge,  which  made  famous  the 
name  of  Roebling,  has  given  way  to  a  securer  arched  one,  con¬ 
structed  under  the  former  without  interfering  with  travel. 
Greater  New  York  is  to  have  a  second,  if  not  a  greater,  sus¬ 
pension  bridge  over  the  East  River.  The  span  of  the  new  East 
River  bridge  will  be  slightly  longer  than  that  of  the  New  York 
and  Brooklyn  bridge,  and  of  considerably  greater  capacity.  It 
will  be  118  feet  wide,  carrying  two  elevated  railway  tracks,  four 
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trolley-car  tracks,  two  roadways  for  common  vehicles,  and  two 
promenades.  The  cables  will  be  something  over  17  inches  in 
diameter,  of  steel  wire.  The  anchorages  will  be  150  feet  by  178 
feet  in  plan,  and  100  feet  high.  A  work  of  such  magnitude  is  of 
national  importance,  and  must  attract  the  attention  and  admira¬ 
tion  of  all  lovers  of  the  advancement  of  our  young  and  growing 
countrv. 

I  shall  say  nothing  new  to  this  company  in  stating  that  steam 
and  electricity  have  an  acknowledged  rival  motor  in  com¬ 
pressed  air  ;  that  each  has  its  advantages,  and  seems,  under  cer¬ 
tain  circumstances,  to  be  best.  There  is  no  general  prejudice 
against  compressed  air;  it  has  a  fair  field,  as  is  shown  by  its  use 
on  various  railways  at  home  and  abroad,  at  the  Anaconda  mines, 
in  tunneling,  and  in  many  workshops.  I  have  been  pleased  to 
learn  that  the  New  York  post-office  has  followed  the  example  of 
our  own,  though  on  a  much  larger  scale,  in  connecting  the  cen¬ 
tral  with  subordinate  stations  by  pneumatic  tubes.  An  interest¬ 
ing  race  has  been  run  by  a  pneumatic  carrier,  a  telegram,  a 
wagon,  a  messenger  boy,  and  a  postman.  The  round  trip  was 
made  through  pneumatic  carrier  in  five  minutes,  and  by  the 
other  methods  ranging  from  thirty  minutes  to  one  hour.  What 
looks  like  an  epoch-making  use  of  compressed  air,  has  recently 
been  made  by  Mr.  Chauncey  N.  Dutton,  of  New  York,  in  a 
pneumatic  lock  for  canals.  Although  it  has  still  to  be  proved 
by  daily  use,  the  invention  has  been  adopted  by  the  State  Canal 
Board  of  New  York,  which  has  ordered  five  locks  at  Lockport 
to  be  replaced  by  one  of  Mr.  Dutton’s.  The  possible  outcome 
of  this  mechanism  is  almost  extravagant;  for  if  ocean  vessels  of 
greatest  tonnage  are  to  be  lifted  sixty  feet  in  a  few  minutes,  who 
shall  set  limits  to  inland  navigation?  The  question  of  how  to 
open  a  deep  and  inexpensive  waterway  from  Chicago  and  Duluth 
to  the  sea,  a  question  upon  which  a  presidential  commission  is 
at  work,  and  on  which  the  indefinite  expansion  of  the  West  is 
thought  to  depend,  may  be  solved  by  placing  at  Niagara,  where 
the  300-foot  rock  wall  has  hitherto  blocked  the  way  for  large 
boats,  a  series  of  only  two  or  three  pneumatic  locks. 

There  are  several  new  subways  in  large  towns  which  no  glance 
at  recent  engineering  progress  should  fail  to  include.  Passing 
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by  our  familiar  excavation  on  Pennsylvania  Avenue,  I  have  to 
mention  the  completion  of  the  Boston  subway  and  the  freedom 
it  gives  to  traffic  in  the  hitherto  crowded  streets.  An  under¬ 
ground  belt  line,  six  and  a  half  miles  in  length  and  consisting 
of  two  parallel  tunnels,  has  been  completed  in  Glasgow.  The 
line  passes  twice  under  the  Clyde  and  reaches  at  places  a  depth 
of  T25  feet.  Where  it  was  driven  through  rock  for  more  than  two 
miles,  compressed  air  was  used  for  power.  In  London,  still  far¬ 
ther  down  stream  than  the  Tower  Bridge,  is  the  New  Blackwell 
Tunnel  under  the  Thames.  This  circular  boring,  twenty-seven 
feet  across  and  over  a  mile  long,  was  also  made  by  the  pneumatic 
process  under  great  difficulties,  owing  to  the  nearness  of  the  river¬ 
bed.  These  enterprises  form  an  interesting  commentary  on  the 
relation  of  engineering  to  civic  comfort  and  municipal  growth. 

And  now,  in  closing,  a  few  words  about  our  profession.  At 
the  present  time  there  is  agitation  among  engineers  to  determine 
and  establish  what  has  been  called  the  criteria  of  professional 
etiquette  among  ourselves,  and  a  fuller  recognition  on  the  part 
of  the  public  that  such  a  profession  exists.  There  has  long  been 
this  unrest  and  anxiety,  but  at  present  it  is  a  growing  force,  and 
from  what  I  have  heard  expressed  within  the  past  year,  it  is  un¬ 
mistakable  that  a  better  guidance  is  needed  for  the  varied  con¬ 
ditions  under  which  the  profession  is  practised.  This  was,  to 
some  extent,  the  case  in  years  gone  by,  when  one  individual  was 
expected  to  cover  the  whole  field,  but  it  is  still  more  pressing 
since  the  profession  has  become  divided  into  many  specialties. 
Of  the  civil,  architectural,  mechanical,  electrical,  marine,  sani¬ 
tary,  signal  and  interlocking,  military,  chemical  and  metallurgic 
branches  of  our  art,  each  furnishes  sufficient  study  for  a  lifetime. 
Indeed  we  might  with  advantage  sub-divide  further,  for  I  have 
found  it  profitable  to  classify  civil  engineers.  I  choose  as  locat¬ 
ing  engineer  one  who  has  the  natural  gift  of  finding  through 
hill  and  dale  the  best  line  for  a  road  ;  as  constructing  engineer, 
one  who  excels  in  building ;  the  bridge  engineer  has  enough  to 
do  without  going  beyond  his  specialty;  as  the  fourth  has  who 
understands  well  the  modern  arrangement  of  yards  and  termin¬ 
als,  requiring  years  of  study  and  experience,  in  order  to  shift  and 
transfer  traffic  with  greatest  economy  and  dispatch.  And  following 
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this  comes  the  later  and  entirely  separate  specialty  of  interlock¬ 
ing  and  signals  for  the  safe  operation  of  trains.  In  the  same 
way,  I  suppose,  sub-divisions  may  be  made  with  equal  profit  in 
other  branches.  All  this  broadens  the  professional  field,  and 
makes  null  the  popular  idea  of  many  years  ago,  that  engineering 
is  not  a  profession.  Since  that  claim  is  settled  for  all  time,  engi¬ 
neers  are  right  in  expecting  recognition  from  the  public,  the 
state,  and  the  government.  Before  this  can  become  satisfactory) 
there  is  need,  however,  for  engineers  to  organize.  They  must 
formally  recognize  their  own  profession.  We  must  know  what 
constitutes  a  profession. 

I  wish  to  pass  this  idea  along  by  means  of  the  Engineers’  Club 
of  Philadelphia,  with  the  hope  that  the  man  may  soon  appear, 
fitted  to  meet  this  requirement  of  the  time.  One  could  build  no 
other  memorial  of  himself  so  lasting  as  a  proper  convention  that 
would  unite  all  our  branches,  yet  without  leveling  distinctions, 
and  secure  for  us  that  recognition  as  professional  workers  which 
we  so  justly  deserve. 
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THE  KEELY  MOTOR. 

By  E.  A.  Scott,  Active  Member. 

Read  January  8,  1898. 

The  Keely  motor  has  been  a  matter  of  greater  or  less  public 
interest  for  twenty-five  years,  and  yet  there  is  now  as  little  general 
knowledge  of  what  it  is  as  when  it  was  first  announced.  Probably 
no  other  enterprise  making  as  little  actual  progress  was  ever  kept 
alive  so  long.  Certainly  no  other  enterprise  ever  enlisted  so  much 
capital  without  showing  more  substantial  reasons  for  investing  it. 

Keely  has  carefully  guarded  his  secret;  even  the  courts  could 
not  extract  it  from  him.  In  fact  the  secret  constituted  the  entire 
property  of  which  Keely  was  the  treasurer,  and  even  the  com¬ 
pany  formed  to  exploit  his  supposed  invention,  has  never  been 
able  to  wrest  it  from  him.  Any  effort  on  the  part  of  the  stock¬ 
holders  to  do  so  has  been  met  with  the  objection  that  Keely  con¬ 
trolled  the  situation  and  the  value  of  their  property  depended 
upon  keeping  on  good  terms  with  him. 

Many  investigators,  scientific  and  otherwise,  have  seen  his 
experiments;  United  States  Government  officials  and  experts 
have  witnessed  them  ;  capitalists,  with  millions  at  their  disposal, 
have  sought  to  control  his  inventions,  yet  there  has  always  been 
an  unreadiness  on  the  part  of  the  inventor  to  do  anything  prac¬ 
tical  ;  he  was  always  just  within  reach  of  the  goal,  but  never  got 
there.  lie  is  now  over  seventy  years  of  age,  and  the  possibilities 
of  his  secret  dying  with  him  have  aroused  those  who  have  sup¬ 
plied  him  with  funds  to  the  desirability  of  having  him  communi¬ 
cate  his  knowledge  to  someone  who  could  continue  his  work. 

With  this  idea,  Mrs.  Bloomfield  II.  Moore,  who  has  for  many 
years  been  his  staunch  supporter  through  evil  and  good  report, 
and  wrho,  with  Keely,  controls  the  enterprise,  made  an  effort  to 
find  a  suitable  person  to  fill  that  role.  Well-known  scientists 
who  -were  invited  to  investigate  the  subject,  courteously  declined. 
This  was  not  surprising,  for  no  person  had  ever  been  given  a  fail- 
opportunity  to  observe  the  operation  of  Iveely’s  apparatus,  and  it 
wras  a  mere  waste  of  time  to  visit  his  workshop. 
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In  the  fall  of  1895,  Mrs.  Moore,  who  had  but  a  few  weeks  before 
returned  from  Europe,  where  she  has  resided  for  many  years, 
asked  Mr.  E.  A.  Scott  to  make  a  visit  with  her  to  Mr.  Keely’s  labo¬ 
ratory.  She  was  desirous  that  someone  qualified  to  speak  should 
see  enough  of  what  Keely  had  done  to  be  able  to  say  that  he  had 
discovered  a  force  hitherto  unknown,  and  that  he  had,  to  some 
extent  at  least,  succeeded  in  harnessing  it.  Mr.  Scott  had  inter¬ 
viewed  Keely  on  the  subject  in  1874,  and  was  familiar  with  the 
results  of  former  attempts  to  discover  the  secrets  of  Keely’s  labo¬ 
ratory,  which  had  all  been  negative  because  of  lack  of  suitable 
facilities  for  observation.  He  was  also  familiar  with  the  views  of 
the  Government  experts  who  witnessed  some  experiments  made 
by  Keel}7"  at  Fort  Lafayette  in  1886. 

The  visit  was  made  November  9,  1895,  and  the  afternoon  of 
that  day  was  pleasantly  spent  with  Keely  at  his  workshop.  The 
impression  which  the  inventor  made  upon  his  visitor,  which  the 
latter  published  at  the  time  in  a  semi-serious  article,  is  given  here 
in  a  brief  extract  from  that  article  : 

“.John  W.  Keely  is  68  years  old,  although  he  looks  much 
younger.  He  is  a  large,  powerfully  built  man,  with  a  large  head, 
square  shaven  jaw,  with  heavy,  dark  side-whiskers,  tinged  with 
gray,  and  dark  eyes  which  move  rapidly.  His  movements  are 
nervously  quick  and  his  speech  is  extremely  rapid,  as  though  it 
could  not  catch  up  with  his  thought.  He  impresses  one  with  the 
belief  that  he  is  absorbed  in  what  he  calls  his  life-study,  that  time 
is  short,  and  that  every  nerve  must  be  strained  to  accomplish 
practical  results  while  life  remains.” 

A  verv  little  conversation  satisfied  the  visitor  that  he  must 
abandon  all  preconceived  notions  of  natural  philosophy  if  he 
thought  to  make  any  progress  in  the  study  of  the  new  power. 
The  laws  of  gravity,  as  laid  down  by  Newton  ;  magnetism,  as 
formulated  by  Faraday,  Henry  and  others;  light  and  heat,  as 
outlined  by  Lord  Kelvin,  and  the  correlation  of  forces  had  to  give 
way  to  this  mysterious  force,  which  practically  creates  something 
out  of  nothing,  if  we  may  unquestionably  adopt  the  discoverer’s 
theories. 

At  this  first  interview  enough  was  seen  to  satisfy  the  visitor 
that  some,  at  least,  of  the  experiments  witnessed  did  not  depend 
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for  their  explanation  upon  any  hitherto  unknown  force,  lie  did 
not  then,  nor  at  any  other  time,  give  Keely  any  reason  to  think 
that  he  did  not  implicitly  believe  that  the  moving  force  was 
“Apergy,”  the  name  given  to  this  as  yet  undemonstrated  force. 
Among  the  experiments  witnessed  on  that  first  afternoon  were 
(1)  The  continuing  vibration  of  a  short  bar  of  steel  which  had  been 
“  vitalized.”  (2)  The  suspension  of  a  heavy  weight  by  simple  con¬ 
tact  with  two  small  strips  of  steel,  and  dropping  it  by  striking  a 


Aerial  Propeller. 

tuning-fork.  (3)  The  levitation  experiment,  by  which  heavy 
weights  rise  and  fall  in  water  in  response  to  notes  produced  on 
certain  pitches.  (4)  The  constant  revolution  of  a  small  brass 
wheel  after  having  been  put  in  step  with  the  vibratory  force  called 
“  Apergy.” 

The  visitor  also  saw  the  engine  built  to  navigate  an  airship, 
recently  described  in  a  city  journal  as  a  new  invention,  lie  saw 
the  engine,  afterwards  called  a  “  Vibrodyne,”  which  was  to  revo- 
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lutionize  all  commercial  machinery.  This  was  not  shown  in 
operation.  Iveely  also  showed  him  a  large  book  for  the  purpose  of 
explaining  the  principles  of  his  vibratory  philosophy.  It  was 
filled  with  heavy  cardboard  leaves,  covered  with  pen  drawings,  all 
made  by  Iveely  with  beautiful  exactness.  Nearly  every  one  of  the 
plates  had  one  or  more  bars  of  music,  showing  the  dominant 
chords  or  vibrations  which  governed  certain  combinations.  The 
inscriptions  on  the  Zuni  tablets  would  have  been  quite  as  plain 
to  the  visitor,  and  Mr.  Iveely  kindly  enlightened  him  as  to  their 
meaning.  In  explanation  of  one  of  the  simpler  charts,  Mr.  Iveely 
said  :  “  The  chord  of  polar  negative  attraction,  so  far  as  this  sym¬ 
pathetic  research  is  concerned,  proves  conclusively  that  the  chord 
of  the  neutral  center  of  the  polar  attractive  currents  of  the  earth 
represents  the  sympathetic  chord  of  B  flat,  third  octave,  one  one- 
hundredth  of  a  note  below  the  octave,  according  to  sympathetic 
sub-division.” 

The  visitor  had  before  noted  that  Iveely’s  language,  while 
sounding  perfectly  familiar  so  far  as  the  words  were  concerned, 
did  not  convey  any  ideas.  He  soon  learned  that  without  a  knowl¬ 
edge  of  the  application  made  by  Iveely  of  the  terms  which  fell  so 
glibly  from  his  tongue  it  would  be  useless  to  study  the  subject  by 
question  and  answer.  Some  months  afterwards  he  was  given 
some  manuscript  of  Iveely’s  which  was  said  to  be  the  clearest 
exposition  of  his  views  on  the  great  vibratory  principle  upon 
which  his  discovery  is  based.  The  first  paragraph  of  this  paper, 
which  serves  as  the  introduction  to  the  subject,  reads  thus: 

“The  peculiar  sympathetic  conditions  whereby  a  magnet  is 
conserved  to  polar  and  anti-polar  currents  of  the  earth  show  a 
duality  of  sympathetic  inflow  and  outflow  as  to  prove  anything 
but  perfect  sympathetic  equations,  as  between  its  reception  and 
distribution  in  that  part  of  the  electrical  field  that  represents  one 
of  the  triplets  that  in  celestial  physics  is  classified  as  inter-atomic 
vibratory  oscillation.  Now,  if  this  oscillation  represents  in  its 
alternating  action  a  vibratory  wave-motion  representing  in  its 
corpuscular  field  of  action,  say  128,400  exchanges  per  second 
between  polar  reception  and  anti-polar  (or  depolar)  distribution 
(which  sympathetic  philosophy  proves  most  conclusively),  the 
fact  is  established  of  its  perfect  sympathetic  concordance  to  that 
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third  of  the  electrical  triplet  representing  the  sixths  as  classified 
in  sympathetic  physics,  and  thus  that  line  of  sympathetic  action 
as  represented  in  the  magnet  when  it  is  electrically  sensitized 
becomes  thoroughly  subserved  to  polar  sympathetic  attraction  as 
a  medium  through  which  a  portion  of  a  polar  flow  is  diverted 
— not  latent,  but  highly  active  under  all  conditions  as  long  as  its 
sensitization  exists — that  is  its  magnetic  sympathy  as  electrically 
induced,  and  associates  itself  with  every  medium  in  nature  where 
this  latent  element  exists,  viz  :  steel,  iron,  oxygen  at  a  low  tem¬ 
perature,  etc.” 

As  Keely  has  made  vibratory  physics  the  study  of  his  life,  it 
will  be  taken  for  granted  that  the  statement  just  quoted  is  au¬ 
thoritative.  At  the  same  time  the  writer  confesses  that  he  does 
not  understand  it,  although  it  sounds  all  right. 

Mr.  Scott  left  with  the  understanding  that  he  should  make  a 
second  visit  at  some  date  to  be  named.  In  the  meantime  he  dis¬ 
cussed  the  details  of  what  he  had  witnessed  with  Mr.  Addison  B. 
Burk,  President  of  the  Spring  Garden  Institute,  who  agreed  with 
him  in  some  of  his  conclusions,  and  it  was  arranged  that  both 
would  be  present  at  the  next  visit  to  Keely,  if  agreeable  to  Mrs. 
Moore.  That  lady  gave  her  consent,  and  named  November  23, 
1895,  as  the  date.  It  was  arranged  between  them  that  if  the  ex¬ 
periments  were  repeated,  each  would  pay  attention  to  certain 
details,  so  as  to  cover  as  many  points  as  possible.  At  this  visit 
the  surroundings  of  the  place  and  arrangement  of  the  rooms 
constituting  the  laboratory  were  noted. 

Entrance  is  made  from  the  street  through  a  large  door  into  a 
room  in  which  is  a  carpenter’s  workbench,  some  powerful 
winches,  and  an  assortment  of  tools;  and  on  one  side  was  an 
immense  box,  bound  with  iron  bands,  with  a  cover  so  heavy  that 
tackle  was  arranged  above  it  for  lifting  it.  It  was  closed  and 
padlocked,  and  was  said  to  contain  machinery  not  now  in  use. 
A  large  door  led  into  a  room  on  the  same  floor  at  the  rear  of  the 
first  one,  which  was  not  opened  on  any  of  the  visits.  A  stairway 
to  the  second  floor  leads  to  a  landing  on  which  are  parts  of 
abandoned  machinery.  A  small  room  on  one  side  of  this  con¬ 
tains  a  large  desk,  with  books,  instruments  and  drawings.  On 
the  opposite  side  of  the  landing  is  a  room  somewhat  larger,  with 
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many  expensive  looking  instruments,  or  machines,  some  of  which 
he  exhibited  in  operation.  Back  of  both  of  these  rooms  is  a 
large  room  the  full  width  of  the  house,  in  which  some  of  the 
apparatus  was  exhibited.  To  the  rear  of  this  is  another  room,  a 
step  or  two  higher.  This  last  room  is  over  the  back  room  on  the 
first  floor,  before  referred  to.  To  the  north  of  this  building  is 
the  central  power  station  of  the  Columbia  Electric  Light  Com¬ 
pany. 

One  fact,  which  may  or  may  not  be  of  importance,  in  connec¬ 
tion  with  all  the  visits,  is  that  Keely  required  of  Mrs.  Moore 
twenty-four  hours’  notice  of  any  visit  at  which  exhibitions  were 
to  be  made.  On  the  second  visit,  at  which  Mr.  Burk  was  present, 
Keely  was  asked  to  show  the  sensitized  round  steel  bar  before 
referred  to.  He  produced  it,  and  a  measurement  showed  it  to  be 
7J  inches  long  and  1TS-  inches  in  diameter,  with  a  small  hole 
through  it  longitudinally  which  could  be  blown  through  but  no 
light  would  pass  through  it;  another  larger  hole  was  bored 
through  the  bar  near  one  end.  By  striking  it  on  the  floor  with 
one  end,  it  would  vibrate  with  a  base  note  like  an  organ  tone 
which  would  continue  for  more  than  a  minute ;  a  blow  on  the 
other  end  produced  a  note  of  high  pitch  not  quite  so  persistent. 
Iveely’s  explanation  of  this  phenomenon  made  at  the  first  visit, 
was  that  the  bar  had  been  “  vitalized  ”  and  its  proportions  had 
been  calculated  to  a  nicety.  His  exact  explanation  was :  “  By 
vitalizing  this  bar  it  produces  a  molecular  oscillation  of  three 
times  the  diameter  of  the  molecule,  whereas  under  ordinary  cir¬ 
cumstances  with  a  piece  of  forged  steel,  the  oscillation  is  only 
one-third  of  its  diameter,  40,000  times  a  second,  which  is  per¬ 
fectly  inaudible  to  the  ear.  By  increasing  the  magnitude  of  the 
vibrations  by  the  sensitizing  process  to  three  times  the  diameter, 
it  gives  a  molecular  swing  that  brings  out  an  oscillation  that 
produces  a  chord  with  three  different  notes.” 

Mr.  Scott  had  formed  a  different  theorv  and  asked  that  the  bar 
be  weighed.  At  just  this  juncture  Mr.  Keely  admitted  a  caller,  a 
young  man  with  whom  he  appeared  to  be  well  acquainted,  and 
having  no  scales  in  his  laboratory,  he  asked  the  young  man  to 
take  the  bar  to  a  neighboring  drug  store  and  Lave  it  weighed. 
He  returned,  saying  its  weight  was  3  pounds,  3  ounces.  During 
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his  absence  Keely  explained  that  the  sensitizing  process  consisted 
in  treating  the  metal  with  hydrogen  in  an  oven,  which  would 
sometimes  reduce  its  weight  to  nearly  half  the  normal.  Making 
allowances  for  the  rounded  ends,  the  bar  had  evidently  suffered 
a  loss  in  weight,  but  not  in  that  proportion.  Mrs.  Moore  told  the 
writer  that  the  bar  had  created  a  sensation  among  scientific  gen¬ 
tlemen  in  Europe,  and  that  there  was  a  standing  offer  of  £10,000 
for  the  production  of  a  similar  bar. 

To  test  the  truth  of  their  theory  and  not  in  the  hope  of  reward, 
the  investigators  concluded  to  have  a  bar  made.  After  several 
attempts  with  vibrating  single  bars  inserted  in  a  bored-out  piece 
of  steel,  Mr.  Burk  succeeded  in  having  an  exceedingly  good  imi¬ 
tation  made  at  the  Spring  Garden  Institute,  by  inserting  two  or¬ 
dinary  tuning  forks  of  different  pitches  in  the  bored-out  steel, 
and  concealing  the  work  by  screwing  on  an  end  piece  and  then 
turning  the  bar  off  in  a  lathe.  It  required  more  work,  probably, 
than  the  hydrogen  process,  but  the  molecules  had  the  requisite 
swing,  and  the  notes  the  proper  resonance  and  persistence.  This 
simply  shows  that  there  is  possibly  more  than  one  way  of  arriving 
at  the  same  result.  After  the  duplication  of  this  bar,  the  original 
could  not  be  seen. 

Mr.  Keely  on  this  occasion  showed  his  apparatus  for  sensitizing 
bars,  and  also  the  amalgam  disks  which  form  so  conspicuous  a 
feature  in  all  his  apparatus.  It  was  a  glass  receiver,  from  which 
the  air  could  be  exhausted  by  an  air-pump,  with  an  opening  at 
the  bottom  large  enough  to  admit  the  object  to  be  sensitized, 
which  must  be  mounted  on  glass.  The  opening  was  closed  with 
a  screw  cap.  The  objects  to  be  treated  must  not  be  touched  by 
the  hand,  as  by  so  doing  vibrations  might  be  set  up  in  the  body 
which  would  defeat  the  purpose.  When  the  treatment  was  com¬ 
pleted  the  disks  could  be  handled  without  detriment. 

The  disks  referred  to  were  about  2i-  or  3  inches  in  diameter,  of 
brass,  and  an  inch  thick,  with  the  center  turned  out,  making  it 
like  a  cap,  or  cover  of  a  jar.  The  cap  was  then  filled  with  an  amal¬ 
gam  and  finished  off  smooth,  like  the  obverse  brass  face  of  the 
disk.  Keely  said  the  composition  of  this  amalgam  had  cost  him 
some  years  of  study.  It  melts  at  so  low  a  temperature  that  he 
had  caused  much  amusement  by  having  spoons  made  of  it, 
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which  when  put  into  a  cup  of  hot  coffee  would  melt  and  disap¬ 
pear.  The  brass  face  of  the  disk  was  gold  plated,  which  Keely 
said  was  essential. 

On  this  visit  the  levitation  experiment  was  exhibited  again. 
The  apparatus  consisted  of  a  cylindrical  glass  jar  41  inches  high 
and  about  10  inches  in  diameter.  It  was  closed  hermetically 
with  a  cap  extending  down  the  sides  at  least  two  inches.  It 
was  filled  with  what  Keely  said  was  pure  water.  On  the  bottom 
of  the  jar  was  one  of  the  disks  before  described,  standing  on  edge, 
also  a  globe  covered  with  gold  leaf  about  the  size  of  an  orange, 
with  a  small  cylindrical  projection  on  one  side  on  which  it 
rested.  Keely  said  the  globe  was  filled  with  shot.  This  jar 
stood  on  a  small  pine  table  upon  a  thick  sheet  of  glass.  In  the 
cap  of  the  jar  Keely  said  there  were  copper  and  platinum  strips 
which  were  responsive  to  certain  vibrations.  On  the  table  near 
the  jar  he  placed  what  he  called  a  “  Sympathetic  Negative  Trans¬ 
mitter,”  and  connected  this  with  a  thumb-screw  on  the  cap  of 
the  jar  by  a  platinum  wire.  This  transmitter  was  a  large  brass 
ball  about  eight  inches  in  diameter,  from  one  side  of  which  pro¬ 
truded  a  straight  cylindrical  handle,  or  bar,  which,  by  turning 
one  way  or  the  other,  was  projected  into  or  drawn  out  of  the 
ball.  The  movements  resembled  those  made  in  operating  the 
combination  of  a  safe.  On  the  outside  of  the  ball  was  a  small 
horn  formed  of  a  tube  of  increasing  diameter,  coiled  with  its 
large  end  outside.  Also  three  small  disks  of  metal  into  the  cir¬ 
cumference  of  which  spines  of  metal  of  various  length  were 
inserted,  forming  a  scale  of  tones  when  snapped.  One  was  the 
diatonic  scale,  one  harmonic,  and  one  attuned  to  fifths. 

Keely  then  placed  a  sensitized  disk  on  top  of  the  jar,  and  an¬ 
other  at  its  base.  He  explained  that  the  disks  and  the  objects 
inside  the  jar  were  in  sympathy  with  each  other,  and  that  it  was 
essential  thus  to  place  them.  Then  turning  the  knob  or  handle 
of  his  transmitter  a  few  times,  as  if  to  adjust  it,  he  snapped  the 
spines  on  the  scales  at  different  points,  and  soon  the  weights  at 
the  bottom  of  the  jar  began  to  quiver;  the  disk  started  slowly 
upward,  followed  by  the  shotted  weight,  and  with  a  slow,  uni¬ 
form  motion  they  rose  to  the  surface  and  bumped  against  the 
cap,  bobbing  up  and  down  until  they  came  to  rest.  The  disk, 
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which  started  first,  moved  faster  than  the  globe.  Keely  ex¬ 
plained  that  this  was  due  to  the  difference  in  the  rates  of  vibra¬ 
tion  of  their  chords  of  mass.  This  difference  was  120  per  min¬ 
ute,  and  he  could,  with  care,  make  one  ascend  while  the  other 
descended  or  remained  at  the  bottom.  He  played  a  few  notes 
on  a  mouth-organ,  disconnected  the  platinum  wire  from  the  jar 
and  said  the  weights  would  remain  at  the  top  indefinitely.  The 
jar  was  left  while  the  visitors  looked  at  other  apparatus,  and 
after  a  time  they  were  found  still  on  the  top.  Keely  connected 
the  transmitter  and  jar  again  by  the  wire,  struck  some  chords, 
and  the  weights  descended.  He  played  a  chord  softly  on  the 
mouth-organ,  repeating  it  at  short  intervals,  and  both  started  to 
rise;  using  the  handle  of  the  transmitter  and  changing  the 
chord  after  they  had  risen  three  or  four  inches,  the  shotted  ball 
dropped  to  the  bottom  while  the  disk  continued  to  the  top. 

An  interesting  experiment  of  a  different  character  was  made 
in  the  third  room.  The  apparatus  stood  in  the  northwest  corner 
on  a  table  with  a  glass  top.  It  was  a  large  ball  covered  with 
gold  foil  mounted  upon  an  axis  upon  which  it  revolved  stifily 
and  was  considerably  out  of  balance.  It  looked  like  an  old 
timer.  The  two  investigators  stood  by  the  apparatus  while 
Keely  went  into  the  middle  room  and  looked  through  an  aper¬ 
ture,  just  large  enough  to  show  his  face,  across  the  room  to  the 
the  ball.  From  the  axis  of  the  globe  ran  a  thread  of  black  silk 
to  Keely  and  was  attached  to  a  zither.  Keely  said  the  ball 
would  turn  round  once,  twice  or  any  number  of  times  the  visit¬ 
ors  might  name.  One  was  suggested,  and  Keely  struck  a  chord 
on  his  instrument  and  the  ball  turned  over  once.  Three  was 
called,  and  another  chord  resulted  in  its  rolling  over  three  times, 
and  so  on  with  other  numbers,  or  it  would  roll  rapidly  when  so 
indicated.  It  went  with  a  wobbling  motion  and  seemed  to  be 
rubbing  on  something.  When  it  stopped  it  stopped  suddenly. 
It  was  also  noted  by  the  visitors  that  the  same  number  of  turns 
did  not  necessarily  require  the  same  chord  on  the  zither. 

The  great  machine  for  navigating  an  air-ship  also  stood  in 
this  room.  It  had  wheels  not  made  to  revolve,  but  only  to  be  set 
to  certain  combinations.  It  was  covered  with  resonators,  sensi¬ 
tized  disks  and  spiny  scales,  and  had  on  the  end  of  a  large  shaft 
20 
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a  gong,  or  Kladna,  as  Keely  called  it,  which  when  struck  created 
as  much  dismay  as  afire-bell  in  the  night.  This  machine,  which 
weighed  tons,  Keely  said  would  rise  like  a  feather  by  creating 
about  it  a  vibratory  condition  which  annihilated  gravity.  He 
was  understood  to  say  that  this  same  apparatus  had  been  moved 
about  the  room  in  that  very  way. 

After  these  three  visits  Mrs.  Moore  was  plainly  told  by  the  two 
gentlemen  that  they  had  seen  no  evidence  of  any  new  force  in 
any  of  the  experiments  shown  by  Mr.  Keely.  In  fact  some  of 
them  were  readily  explainable  by  the  laws  of  nature  already 
known,  and  no  doubt,  with  proper  facilities  for  investigation  in 
addition  to  what  the  eyes  alone  had  afforded,  they  would  be  able 
to  explain  them  all. 

Soon  after  this  Mrs.  Moore  arranged  with  Professor  W.  Las- 
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celles-Scott,  of  London,  to  come  to  Philadelphia  and  examine 
the  apparatus  and  be  instructed  by  Keely  in  the  secrets  of  its 
operation.  He  arrived  in  this  city  in  March  and  entered 
upon  his  investigations.  Mrs.  Moore  said  to  the  writer  that  the 
Professor  was  to  be  allowed  to  handle  and  take  apart  the  appa¬ 
ratus,  which  was  a  greater  privilege  than  had  been  allowed  to 
any  prior  investigator. 

There  was  naturally  great  curiosity  to  know  what  opinion  the 
English  scientist  would  form.  He  was  unknown  to  the  scien¬ 
tific  world  on  this  side  of  the  water,  but  to  the  w7riter  he  said  he 
was  “  late  consulting  expert  to  the  India  Museum  under  Dr. 
Forbes  Watson,  and  lecturer  on  chemistry  and  physics  to  the 
London  Conservatoire.”  From  this  it  would  appear  that  he 
liad  some  reputation  in  his  own  country,  and  would  be  entirely 
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competent,  with  the  facilities  afforded  him,  to  pass  a  proper  judg¬ 
ment  on  Keely’s  invention.  The  Professor  pursued  his  inquiries 
for  fully  a  month  before  he  made  any  public  expression  of  his 
views,  and  it  was  with  great  interest  that  the  members  of  the 
Franklin  Institute,  at  the  monthly  meeting,  held  April  15th, 
listened  to  his  remarks. 

He  stated  in  brief,  that  he  had  commenced  to  get  a  glim¬ 
mering  idea  of  Keely’s  great  principle,  which  was  based  upon 
vibrations,  a  subject  with  which  the  Professor  declared  himself 
thoroughly  familiar,  as  he  had  devoted  much  attention  to  it,  and 
had  published  some  of  the  results  of  his  investigations  in  that 
branch  of  physics.  He  had,  he  said,  been  quite  unable  for  some 
time  to  understand  Keely’s  explanations,  as  they  were  made  in 
language  too  unscientific,  the  terms  used  being  unintelligible, 
because,  although  the  words  were  familiar,  Keely  had  used  them 
out  of  their  generally-accepted  meaning,  giving  them  a  significa¬ 
tion  known  only  to  himself,  and  possibly  to  Mrs.  Moore.  The 
Professor  stated,  however,  that  it  was  his  opinion  that  “  Keely 
had  certainly  discovered  a  means  of  utilizing  a  force  that  has 
been  suspected,  but  has  never  before  been  realized  in  any  form." 
He  could  say  it  was  neither  magnetism  nor  electricity,  either 
static  or  in  the  form  of  a  current. 

In  saying  so  much  the  Professor  stated  that  he  told  less  than 
he  knew.  He  promised, after  he  had  more  fully  investigated  the 
matter,  to  come  again  before  the  Institute  and  tell  the  result  of 
his  study  into  Keely’s  secrets.  That  promise  was  never  fulfilled. 

About  a  fortnight  after  the  Franklin  Institute  meeting,  Mrs. 
Moore  sent  for  the  writer  and  said  that  Professor  Lascelles-Scott 
had  arranged  an  experiment  which  would  convince  him  that  he 
was  entirely  wrong  in  his  surmises  as  to  the  force  used  in  experi¬ 
ments  alreadv  witnessed,  and  named  Saturdav  afternoon,  May  2d, 
for  a  meeting  at  Keely’s  laboratory. 

On  that  day  there  were  present  Mrs.  Moore,  Mr.  Elliott  (a  friend 

of  Mrs.  Moore’s),  Professor  W.  Lascelles-Scott,  E.  A.  Scott  and  Mr. 

Keelv.  It  had  been  assumed  that  the  writer  believed  that  the 
«/ 

platinum  wire,  connecting  the  sympathetic  negative  transmitter 
with  the  “  vibrodyne  ”  or  engine,  carried  a  current  of  electricity, 
and  the  Professor  had  arranged  for  a  delicate  test  to  show  that 
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not  the  faintest  current  could  be  detected  in  the  wire.  The 
mere  statement  of  the  object  of  the  experiment  was  sufficient, 
and  Mr.  Scott  said  he  granted  the  conclusion  at  once  and  with¬ 
out  experiment,  as  he  had  no  thought  that  the  wire  was  used  as 
a  conductor  of  electricity.  The  wire  had  been  wound  in  its 
center,  into  a  small  coil  of  a  dozen  or  more  turns,  and  within 
this  coil  it  was  proposed  to  insert  a  rod  of  soft  iron,  which  the 
Professor  stated  had  been  chemically  prepared,  so  as  to  produce 
the  best  results.  Keely  had  himself  made  this  coil  and  when  the 
Professor  carelessly  took  the  wire  in  his  hand  to  explain  it,  Keely 
nervously  took  it  from  him,  saying  it  might  become  broken  and 
that  he  had  wound  it  with  great  care.  The  writer,  as  on  former 
visits,  was  not  permitted  to  handle  anything,  and  was  repeated^ 
cautioned  not  to  do  so.  He  used  his  eyes,  however,  to  the  best 
advantage  in  examining  the  coil  which  it  had  cost  Keely  so  much 
trouble  to  wind,  to  see  the  evidences  of  its  being  a  tube,  and  in 
the  flattening  at  certain  places,  the  tendency  to  bend  at  an  angle 
at  others,  and  its  general  tendency  to  bend  in  the  form  of  a  poly¬ 
gon  instead  of  a  circle  when  being  wound,  there  was  no  reason 
to  doubt  his  former  convictions  that  the  “  wire,”  which  seems  to 
be  an  inseparable  adjunct  to  Keely ’s  apparatus  generally,  was  a 
thin  platinum  tube.  This  latest  experiment  only  afforded  addi¬ 
tional  proof  of  what  was  quite  well  known  before. 

On  one  of  the  visits  with  Mr.  Burk,  the  writer  picked  up  one 
end  of  the  platinum  wire  which  had  fallen  on  the  floor  at  the  end 
of  an  experiment,  and  held  it  up  so  that  Mr.  Burk  could  see  that 
it  was  a  tube. 

Following  his  general  policy  at  all  these  visits,  the  writer  did 
not  avow  his  belief.  A  question  indicating  doubt  or  a  statement 
of  a  discovery  made  would  have  prevented  him  from  seeing 
other  experiments  where  he  might  obtain  further  confirma¬ 
tion  of  his  views.  When  Mr.  Elliott,  who  had  never  before  seen 
any  of  Keely’s  experiments,  began  to  ask  questions,  which  both 
the  Professor  and  Keely  answered,  the  writer  asked  the  privilege 
of  making  some  stenographic  notes,  which  Keely  had  permitted  on 
a  former  visit,  and  he  occasionally  asked  a  question  himself  on 
points  not  well  covered  by  the  other  questions.^  This  conversa- 
sation  brought  out  the  description  of  the  construction  of  the 
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“sympathetic  negative  transmitter,”  which  forms  so  important  a 
part  of  the  whole  system,  and  without  which  but  few  experiments 
are  made.  The  Professor’s  description  in  his  own  words  was, 
that  “  it  is  a  hollow  globe,  the  axis  of  which  (a  cylinder  H  inches 
in  diameter)  is  retractible  within  certain  ranges;  that  is,  it  is 
drawn  out  or  thrust  into  the  globe  by  turning  it  like  a  screw.  That 
axis  carries  a  sensitive  disk,  called  a  kladna,  which  is  sensitive 
to  vibrations  of  every  kind,  and  especially  to  those  vibrations 
which  are  inaudible,  beyond  the  voice  to  utter  or  ear  to  perceive. 
Therefore  Keely  is  quite  right  when  he  calls  it  a  sensitive  disk. 
Beyond  the  kladna  is  a  series  of  resonators,  on  this  same  central 
axis,  and  when  it  is  screwed  in  or  out  the  kladna  and  the  series 
of  tubular  resonators  (which  resemble  small  organ  pipes)  go  back¬ 
wards  and  forwards,  and  occupy  different  positions  in  this  globe, 
sometimes  central,  sometimes  a  little  to  one  side  and  sometimes  a 
little  to  the  other  side.” 

Keely  said  the  moving  of  the  disk  inside  is  to  get  one  way  the 
attraction  and  the  other  way  the  repulsion.  He  added  to  the 
description  :  “  There  is  also  a  sympathetic  scale,  formed  of  straight 
wires  of  different  length  stuck  around  the  edge  of  a  disk,  which 
represents  progressive  chords,  the  same  as  in  a  piano.  This  scale 
is  placed  on  the  axis,  between  the  kladna  and  the  resonators,  and 
all  are  fixed  on  the  central  axis.  On  the  outside  of  the  globe  is 
a  similar  scale,  which  to  a  certain  degree  corresponds  to  the  scale 
on  the  inside.  There  is  also  another  smaller  scale  on  the  outside, 
which  has  two  series  of  spines  or  wires.  I  might  use  three  of 
these  spines  for  one  experiment  and  half  a  dozen  at  another. 
There  is  no  regular  interval  of  sound  between  any  two  of  the 
spines;  they  vary  one-quarter  tone  to  one-halftone  and  sometimes 
a  full  tone.  The  larger  scale  has  about  seventy  spines.” 

The  above  description  by  the  English  scientist  and  Keely  is 
all  that  is  known  of  the  interior  construction  of  the  “sympathetic 
negative  transmitter.”  The  only  apparent  use  of  the  axis  or 
handle  is  to  shift  the  position  of  the  kladna,  the  resonators  and 
the  spines  to  a  greater  or  less  distance  from  the  center  of  the  globe 
by  turning  it  backwards  and  forwards. 

Keely  then  exhibited  his  levitation  experiment, or  the  floating 
of  heavy  weights  in  ajar  of  water,  which  the  writer  had  seen  on 
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each  of  his  three  former  visits.  He  noticed  that  the  jar  was  a 
new  one  and  had  a  different  cap  or  cover  from  the  one  he  had 
before  seen.  The  Professor  explained  that,  at  his  instance,  Keely 
had  taken  a  new  jar  and  that  it  had  been  filled  with  distilled 
water.  He  said  he  was  familiar  with  the  general  principle  of  the 
experiment.  Two  weights  similar  in  every  respect  to  the  weights 
used  in  the  old  jar,  were  reposing  on  the  bottom,  the  one,  a  disk¬ 
shaped  flat  brass  box,  without  a  cover,  filled  with  amalgam,  and 
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the  other,  an  orange-shaped  globe,  said  to  be  filled  with  shot.  In 
answer  to  the  writer,  Keely  said  these  were  not  the  same  weights 
which  were  used  in  the  old  jar;  the  globe,  however,  had  the  same 
indentations  and  the  gold-foil  with  which  it  was  covered  the  same 
spotted  appearance  which  had  been  particularly  noted  at  his 
former  visits,  and  the  disk  seemed  to  be  the  very  same,  although 
there  were  no  distinguishing  marks  by  which  ij  could  be  abso¬ 
lutely  identified. 
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The  Professor  said  he  had  carefully  weighed  these  weights 
before  they  were  put  into  the  jar  and  that  the  fiat  disk  weighed 
08  ounces  and  387  grains  in  air,  and  58  ounces  383  grains  in  dis¬ 
tilled  water,  a  difference  of  10  ounces  and  4  grains,  which  repre¬ 
sented  the  water  displaced.  The  globular  object  weighed  53 
ounces  384  grains  in  air,  and  45  ounces  302  grains  in  distilled 
water,  a  difference  of  8  ounces  22  grains.  The  jar  appeared 
somewhat  smaller  than  the  old  one,  and  was  41  inches  high,  and 
perhaps  10  inches  in  diameter.  The  cover  was  of  glass,  and  was 
sealed  on  with  a  white  cement.  A  space  from  one-half  to  three- 
quarters  of  an  inch  was  left  between  the  surface  of  the  water  and 
the  glass  cover.  Inserted  through  the  cap  was  a  plug,  with  a  bind¬ 
ing  screw  for  attaching  a  wire.  The  jar  stood  on  a  small,  cheap 
table,  with  a  thick,  glass  top.  Iveely  placed  the  sympathetic  nega¬ 
tive  transmitter  on  the  same  table,  and  connected  the  top  of  the 
jar  with  it  by  means  of  the  platinum  wire.  On  the  top  of  the  jar 
he  placed  a  disk  similar  to  the  one  in  the  jar. 

When  everything  was  ready,  Keely  turned  the  handle  or  axis 
of  the  sympathetic  transmitter,  twanged  some  of  the  wires  of  his 
scale,  blew  softly7  on  a  mouth-organ,  and  the  round  weight  started 
for  the  top,  followed  a  few  seconds  later  by  the  disk-shaped 
weight.  In  answer  to  the  writer,  he  said  he  could  not  reverse  the 
order  of  their  rising  The  tone  of  B  natural,  he  said,  started  the 
first  one  to  go  up,  and  B  flat  the  second  one.  He  struck  a  tuning- 
fork  for  the  purpose  of  subdividing  those  notes,  he  said,  and  set¬ 
ting  a  chord  for  their  descent.  Then,  again  turning  his  handle, 
and  blowing  upon  his  mouth-organ,  the  disk  shaped  weight  came 
down  first  at  the  end  of  about  three  minutes,  the  other  remaining 
at  the  top  fora  time.  He  said  he  could  arrest  it  before  it  reached 
the  bottom,  but  failed  to  do  so,  and  it  struck  the  bottom  and 
bounced  up  and  down  three  or  four  times  before  it  finally  settled 
itself.  Afterwards,  he  sent  both  to  the  top,  and  then  sent  the 
disk  to  the  bottom,  leaving  the  globular  weight  at  the  top,  where 
he  said  he  could  make  it  stay  ten  years.  After  about  three  min¬ 
utes,  with  blasts  upon  the  mouth-organ,  and  turning  the  handle 
backwards  and  forwards,  the  ball  was  sent  to  the  bottom,  where 
it  struck  and  bounced  up  about  four  inches. 

The  writer  found  by  jarring  the  table  with  his  knee,  which  he 
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did  several  times  unobserved,  lie  could  make  the  weights  bounce 
up  3  or  4  inches  without  the  aid  of  the  sympathetic  negative 
transmitter,  the  mouth-organ  or  the  “  chord  of  mass,”  which  was 
rather  remarkable,  when  the  specific  gravity  of  the  weights,  as 
given  by  Professor  W.  Lascelles-Scott,  is  taken  into  consideration. 
It  was  an  experiment  in  vibrations  which  were  quite  visible, 
though  inaudible,  and  which  produced  results  that  did  not  de¬ 
mand  for  their  explanation  the  theoretical  force  of  “  apergy.” 

At  this  point,  the  Professor  gave  as  his  general  conclusion  on 
this  levitation  experiment  of  Keely’s,  that  if  Keely  were  to  take 
a  standard  barometer,  a  standard  thermometer,  and  a  standard 
electroscope,  and  take  the  condition  of  the  air  at  the  time  of  mak¬ 
ing  an  experiment,  and  would  also  have  his  scales  graduated  in 
precise  tones,  which  they  were  not  at  present,  then  with  the  bar¬ 
ometer  reading  for  instance  at  29.5,  the  thermometer  at  55.5,  and 
the  electroscope  at  .26,  with  a  certain  response  note  and  chord  of 
mass,  and  a  certain  note  struck  upon  the  sensitive  sympathetic 
transmitter,  he  could  at  all  times  raise  the  weights  to  the  top  with¬ 
out  feeling  his  way  as  at  present ;  and  another  note  would  as  cer¬ 
tainly  send  them  to  the  bottom.  This,  he  said,  was  the  first  time 
he  had  unbosomed  himself  so  far;  but  that  was  his  opinion, founded 
upon  what  he  had  seen  there.  Keely  replied  that  we  were  just 
beginning  to  learn  sound  sense. 

From  what  has  already  been  explained,  it  will  be  at  once  evi¬ 
dent  that  the  rise  and  fall  of  the  weights  in  the  jar  of  water  is 
due  to  their  varying  specific  gravity.  The  weights  sink,  because 
they  are  heavier  than  the  water,  bulk  for  bulk  ;  they  rise  because 
they  are  lighter  than  an  equal  volume  of  water.  Keely’s  weights 
were  so  balanced  that  a  slight  difference  in  the  air-pressure  in 
the  enclosed  space  above  the  water  would  make  them  rise  or  fall 
by  changing  their  size  sufficiently  to  make  them  of  less  or  greater 
specific  gravity.  This  is  easily  accomplished  by  having  some 
portion  of  the  weight  compressible.  It  is  a  child's  toy.  Keely’s 
transmitter,  containing  compressed  air,  was  capable  of  increasing 
the  air-pressure  in  the  jar  by  turning  the  handle  or  switch  to  some 
point  which  would  connect  the  jar  with  the  reservoir  of  compressed 
air,  or  diminish  the  pressure  by  a  change  of  the  switch  which 
would  connect  the  jar  with  the  open  air. 
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Keely,  whose  eves  were  always  on  the  weights,  shut  ofl  the 
switch  as  soon  as  the  weights  either  rose  or  fell.  With  great  skill 
and  by  letting  in  the  air  very  slowly,  he  was  sometimes  able  to 
leave  one  weight  at  the  bottom,  the  other  going  to  the  top,  or 
even  to  send  one  of  them  down  after  it  had  partly  risen.  It  was 
particularly  noted,  however,  that  the  one  which  always  sunk  first 
was  the  only  one  which  he  could  arrest  in  its  upward  movement. 
Indeed,  he  replied  to  the  writer’s  inquiry  on  that  point,  that  he 
could  not  make  the  other  go  down  first.  He  might  have  done  so 
between  the  visits  of  the  same  investigators  by  changing  the  rela¬ 
tive  specific  gravity  of  the  weights.  His  explanation  of  his  in¬ 
ability  to  do  this  was  made  in  such  terms  of  the  new  science  that, 
while  it  sounded  all  right  in  the  ear,  it  conveyed  no  meaning  to 
the  listener.  It  may  have  been  stupidity  on  the  part  of  the  vis¬ 
itor.  Indeed,  when  Keely  heard  of  his  explanation  of  the  experi¬ 
ments,  he  said  that  he  “considered  that  the  Professor’s  testimonv 
outweighed  Mr.  Scott’s  suspicions,  and  he  did  not  think  it  neces¬ 
sary  to  do  anything  to  convince  him  of  his  ignorance.” 

The  Keely  motor,  or  engine,  is  the  last  of  the  long  series  of 
Keely’s  inventions,  of  which  the  apparatus  before  referred  to  are 
only  experimental  studies.  The  word  “  vibrodyne  ”  was  coined 
by  Professor  W.  Lascelles-Scott,  as  being  more  nearly  expressive 
of  the  character  of  the  machine  than  “  dynamo,”  which  Keely 
had  used.  It  is  supposed  to  embody  the  principles  which  Keely 
has  labored  so  many  years  to  establish,  lie  says  it  is  operated 
directly  by  “  apergy,”a  force  hitherto  unknown,  existing  in  nature 
and  only  waiting  to  be  utilized  ;  that  it  consists,  like  light,  in 
the  extremely  rapid  vibrations  of  the  ether,  or  matter  infinitely 
divisible  which  pervades  the  universe;  the  problem  being  to  de¬ 
vise  apparatus  which  will  respond  to  these  vibrations.  The 
vibrodyne  may  be  thus  described  : 

A  heavy  cast-iron  bed  plate,  supported  eighteen  inches  above 
the  floor  by  an  iron  slab  at  each  end,  bolted  to  the  floor  at  each 
of  the  four  corners  by  heavy  iron  rods,  and  braced  from  the  side 
wall,  forms  the  foundation  for  a  machine  which  can  be  prevented 
from  running  by  the  pressure  of  a  finger,  or  stopped  when  at  full 
speed  by  grasping  it  with  one  hand. 

A  flat  brass  ring  about  four  feet  in  diameter  is  supported  on 
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two  wooden  slabs  resting  upon  the  iron  bed  plate,  which  are  held 
to  it  by  brass  straps.  On  the  outside  of  this  ring,  at  equal  dis¬ 
tances  apart,  are  fastened  clusters  of  short  tubes,  each  about  a 
half  inch  in  diameter  and  three  inches  long,  forming  resonators. 
These  tubes  are  partially  filled  with  amalgam,  or  stopped  up  with 
diaphragms  at  varying  distances  from  the  ends.  They  are  called 
resonators.  There  are  nine  of  these  clusters  on  the  circumference 
of  the  ring,  and  on  the  outside  of  each  is  a  hollow  binding  post, 


The  Vibrodyne  or  Keely  Motor. 

to  which  wires  can  be  attached.  On  the  inside  of  the  ring,  im¬ 
mediately  opposite  the  resonators,  a  “  sensitized  disk  ”  is  attached, 
similar  in  appearance  to  the  heavier  weight  used  in  the  jar  ex¬ 
periment  (a  brass  cover  filled  with  amalgam).  On  the  inside  of 
this  disk  is  another  binding  post  similar  to  the  one  outside  the 
ring,  which  is  also  hollow,  and  making  an  open  passage  between 
the  inside  and  outside  binding  posts.  There  is  thus  a  set  of  nine 
binding  posts  and  disks  pointing  inwards,  which  are  connected 
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together  by  the  mysterious  platinum  wire  which  tigures  in  nearly 
all  the  experiments.  The  outside  resonators  and  inside  disks  are 
about  two  inches  apart. 

Concentric  with  and  inside  of  this  ring  is  the  revolving  wheel. 
Its  axis  is  supported  at  each  end  upon  large  iron  pillars  much 
enlarged  at  the  bearings  of  the  axle.  A  large  hub  in  the  middle 
of  the  axle  has  radiating  from  it  eight  spokes,  one  less  than  the 
number  of  opposing  disks  on  the  inside  of  the  flat  ring.  These 
spokes  do  not  terminate  in  a  rim,  but  on  the  end  of  each  is  a  disk 
similar  in  size  and  character  to  those  which  project  inward  from 
the  ring.  There  is  also  upon  the  axle  near  the  hub  a  heavy  iron 
ring  about  fourteen  inches  in  diameter,  which  revolves  with  it, 
presumably  as  a  balance  wheel  to  make  a  steady  motion.  This 
ring  had  been  added  at  some  time  between  the  last  two  visits, 
probably  at  the  suggestion  of  the  Professor. 

On  the  occasion  of  the  last  visit  Keely  set  the  wheel  revolving 
in  the  following  manner:  Taking  a  10-inch  sympathetic  nega¬ 
tive  transmitter  (the  large  brass  ball)  he  placed  it  on  a  table  hav¬ 
ing  a  glass  top,  on  one  side  of  the  room,  and  connected  it  with 
the  vibrodyne  by  a  platinum  wire,  attaching  one  wire  to  the 
binding  post  of  the  transmitter,  and  the  other  to  the  binding  post 
projecting  from  a  resonator  on  the  top  of  the  vibrodyne.  Then, 
snapping  some  of  the  wires  on  the  scale  of  the  transmitter  and 
turning  the  handle  backwards  and  forwards,  the  wheel  com¬ 
menced  to  revolve,  slowly  at  first  and  with  gradually  increasing 
speed,  until  the  revolutions  were  about  ISO  per  minute. 

The  Professor  asked  :  “  Am  I  right  that  you  can  stop  the  wheel 
by  withdrawing  that  kladna?”  (The  kladna  on  the  axis  would 
be  withdrawn  by  turning  the  axis  or  handle  of  the  transmitter 
in  one  direction.) 

Keely  said  “yes,’'  and  appeared  to  turn  the  handle  about 
twenty  times,  and,  snapping  one  of  the  wires,  which  he  said  was 
note  B,  the  wheel  slowed  down,  and  finally  stopped. 

He  started  the  wheel  again  as  before,  and  said:  “  As  the  ma¬ 
chine  now  revolves  the  subdivision  is  42,800  to  the  second.  That 
is  disintegrating  vibration.  I  could  disintegrate  quartz  with  that 
vibration  and  powder  it  into  dust.”  He  did  not  offer  to  powder 
any  quartz  in  that  way,  however. 
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Keely  suggested  that  he  could  stop  the  wheel  in  several  ways, 
two  of  which  he  illustrated.  lie  pulled  the  wire  out  of  the  bind¬ 
ing  post  of  the  transmitter,  and  it  stopped  as  before.  Again 
starting  it,  he  stopped  it  by  pulling  out  a  plug  in  a  hole  in  the 
binding  post  on  the  machine,  the  hole  being  a  continuation  of 
the  hole  into  which  the  wire  was  thrust  on  the  other  side.  This 
left  the  transmitter  attached  to  the  machine,  and  gave  the  writer 
an  unexpected  opportunity  to  further  confirm  his  belief  that  the 
so-called  platinum  wire  was  a  small  platinum  tube.  He  had 
noted  on  his  first  visit  that  the  method  of  attaching  the  wire  to  a 
binding  post  was  peculiar.  The  post  was  in  form  like  a  T  and 
was  hollow.  There  was  no  screw  to  hold  the  wire  in  place,  but 
the  ends  of  the  wire  terminated  in  plugs  which  were  pushed  into 
the  end  of  the  hollow  arms  of  the  T.  On  this  occasion  he  ob¬ 
served  that  not  only  the  horizontal  arms  of  the  T,  but  also  the 
perpendicular  leg,  were  hollow,  leaving  a  passage  down  into  and 
through  the  resonator,  the  flat  ring,  the  sensitized  disk  on  the 
inside  of  the  ring  and  the  binding  post  upon  the  disk,  to  which 
was  attached  the  platinum  wire  before  described,  which  encircled 
the  interior  side  of  the  flat  ring. 

On  the  present  occasion  the  writer  took  his  seat  next  to  the 
revolving  wheel,  not  following  Keely’s  suggestion  to  take  another 
2)osition.  When  Keely  pulled  out  the  plug  from  one  arm  of  the 
T,  leaving  the  wire  sticking  in  the  other  arm,  the  other  end  of 
the  wire  still  being  connected  with  the  sympathetic  negative 
transmitter,  he  moved  his  face  close  to  the  hole  left  by  the  plug, 
which  had  been  pulled  out,  and  distinctly  felt  a  blast  of  air  from 
the  tube  (or  “  wire  ”). 

To  make  certain  that  the  air  current  did  not  come  from  the 
revolving  spokes,  he  kept  his  face  in  the  same  position  until  the 
wheel  had  stopped,  and  still  felt  the  full  force  of  the  blast  of  air 
from  the  tube. 

Here  then  was  a  confirmation  of  his  belief  that  the  wire  was  a 
tube  carrying  compressed  air,  the  reservoir  of  which  was  the  10- 
inch  globe  of  the  “  sympathetic  negative  transmitter.”  It  was 
evident,  however,  that  a  sufficient  amount  of  power  to  run  the 
wheel  for  any  length  of  time,  or  to  run  it  at  all,  could  not  be  stored 
in  a  globe  of  that  size.  He  did  not  believe  that  it  was  so  run, 
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but  that  the  air  pressure  performed  the  office  either  of  an  auto¬ 
matic  switch-closer  or  automatic  pole-changer  on  an  electric  cir¬ 
cuit.  This  belief  was  to  some  extent  confirmed  by  an  oracular 
remark  of  the  Professor  to  Mr.  Elliott,  to  whom  he  said  :  “  The 
wire  does  not  supply  the  power,  but  it  unlocks  the  power  which 
runs  the  wheel.”  The  writer  at  once  said  to  him  :  “  Professor, 
you  have  exactly  expressed  my  opinion.’’ 

Now,  as  to  the  electrical  features  of  the  vibrodyne.  Assuming 
that  the  compressed  air  flowing  through  the  tube  performed  the 
office- only  of  a  starter,  that  it  produced  the  conditions  in  the 
machine  necessary  to  allow  a  more  potent  force  to  act,  what  force 
was  applied  by  its  action?  The  construction  of  the  machine 
points  directly  to  electricity  acting  through  magnetism.  If  Pro¬ 
fessor  Lascelles-Scott  took  the  apparatus  apart,  he  must  have 
discovered  the  mode  of  its  operation.  The  unnecessarily  heavy 
parts  of  the  machine  afforded  every  opportunity  for  the  conceal¬ 
ment  of  the  small  wires  necessary  for  the  power  developed,  or 
the  bolts  which  run  down  through  the  floor  to  hold  down  the 
iron  foundation  could  have  served  as  conductors.  It  was  an  easy 
matter  to  bring  a  current  to  electro-magnets  concealed  in  the 
nine  interior  disks,  and  no  great  amount  of  ingenuity  would  be 
required  to  construct  a  switch,  operated  upon  both  by  the  com¬ 
pressed  air  and  magnetism,  which  would  cut  the  magnet  into  or 
out  of  circuit  at  the  proper  time  to  attract  the  armature  on  the 
end  of  each  revolving  spoke.  Had  there  been  nine  spokes  as 
well  as  nine  opposing  disks,  the  wheel  would  have  got  on  a  dead 
center,  and  could  not  always  have  been  started  ;  but  with  only 
eight  spokes  there  were  always  some  in  a  position  to  receive  a 
magnetic  pull  before  the  magnets  were  cut  out  of  circuit  by  the 
opposing  disks  being  exactly  opposite  each  other.  The  evidence 
of  design  here  is  sufficiently  strong  to  warrant  the  conclusion 
that  the  wheel  is  operated  by  electro-magnets.  Apergy  would 
not  have  required  this  arrangement. 

Keely  said  to  the  writer  that  the  hub  of  the  wheel  was  loose 
on  the  axle,  and  that  when  running  at  a  high  rate  of  speed  he 
could  knock  out  the  axle  and  the  wheel  would  continue  to  turn 
in  space.  Such  an  exhibition  would  have  been  interesting,  and 
would  have  convinced  the  writer  that  the  force  was  not  mag- 
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netism,  which  was  the  chief  object  of  the  exhibition,  but  he  did 
not  do  it,  nor  did  he  offer  to  do  many  other  things  which  he 
spoke  of  as  being  easy,  and  which  would  have  astonished  the 
investigators. 

It  was  decided  on  the  occasion  of  the  second  visit  by  both  of 
the  investigators,  that  magnetism  had  nothing  to  do  with  the  jar 
experiment,  as  the  motion  of  the  bodies  was  uniform,  which  it 
would  not  have  been  if  actuated  by  a  magnet.  The  theory  of  a 
tube  made  everything  plain,  and  Mr.  Burk  has  had  constructed 
a  jar  which  he  used  in  explaining  the  phenomenon  before  the 
Spring  Garden  Institute  last  winter,  using  an  air  pump  for  the 
transmitter. 

Within  half  an  hour  after  the  close  of  the  last  visit,  Mrs.  Moore 
called  on  the  writer  at  his  residence  to  learn  of  him  his  conclu¬ 
sions.  He  explained  to  her  fully  the  use  of  the  platinum  tube, 
and  advised  her  to  have  the  experiment  repeated  and  convince 
herself  of  the  fact  by  taking  a  pair  of  pincers  and  pressing  the 
sides  of  the  tube  together,  when  the  revolving  wheel  would  stop ; 
or  to  cut  for  herself  a  section  from  the  middle  of  the  supposed 
wire  while  the  machine  was  in  action  and  examine  it.  She  con¬ 
sented  to  have  the  experiment  repeated  in  her  presence  and  per¬ 
mit  the  writer  to  make  the  cut,  but  he  told  her  she  could  never 
persuade  Keely  to  repeat  the  experiment  for  such  a  purpose. 
She  was  more  than  half  convinced,  but  afterwards  saw  the  Pro¬ 
fessor  and  asked  him  to  see  the  writer  on  this  subject. 

The  English  scientist  came  the  same  evening,  and  for  four 
hours  the  events  of  the  day  were  discussed.  He  gave  an  ac¬ 
count  of  his  investigations  in  vibratory  physics,  and  par¬ 
ticularly  in  reference  to  the  simultaneous  explosions  of  two 
or  more  powder  mills  situated  at  considerable  distances  apart, 
the  result  of  vibration ;  and  considered  the  phenomenon  analo¬ 
gous  to  some  of  Keely’s  experiments.  Criticisms  by  the  writer 
on  Keely’s  work,  and  inquiries  as  to  the  discoveries  the  Pro¬ 
fessor  had  made,  led  up  to  the  Professor’s  part  in  the  prepa¬ 
ration  of  the  second  jar,  the  one  used  in  the  experiments  of  that 
day.  He  told  of  his  care  in  procuring  the  distilled  water,  and  in 
obtaining  the  exact  weight  of  the  globe  and  -disk,  which  were 
placed  in  the  jar.  When  asked  if  he  personally  placed  the 
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weights  in  the  jar  or  saw  them  placed  there,  and  saw  the  jar 
sealed,  he  admitted  that  he  did  not,  but  that  Keely  did  this  him¬ 
self.  He  was  asked,  “  Do  l  understand  that  you,  a  professional 
expert  in  physics,  would  trust  to  the  man  you  are  investigating 
to  do  these  things,  and  then  have  the  conscience  to  make  a  report 
to  your  employer  of  the  result  of  such  an  investigation  ?”  He 
mildly  admitted  that  it  would  have  been  better  to  be  present. 

Likewise  when  the  platinum  tube  was  mentioned,  he  stoutly 
denied  that  it  was  a  tube,  saying  that  he  had  several  samples  of 
the  platinum  wire  and  knew  it  to  be  solid.  He  had  taken  sam¬ 
ples  of  almost  everything  he  had  investigated.  W  hen  asked 
where  he  got  his  samples  and  whether  he  had  cut  them  from 
wires  he  had  seen  used  in  the  experiments,  he  said  he  had  taken 
them  from  a  reel  of  the  wire. 

The  Professor  agreed  with  the  writer  that  the  best  way  to  prove 
or  disprove  the  use  of  the  tube  would  be  to  have  the  experiments 
repeated  and  allow  the  writer  to  show  the  character  of  the  wire 
employed.  The  writer  told  the  Professor  that  Keely  would 
never  make  such  an  exhibition  under  those  conditions.  The 
Professor  visited  Keely  the  next  day,  Sunday,  and  on  the  fol¬ 
lowing  day  informed  Mrs.  Moore  that  Keely  had  declined  point 
blank  to  repeat  the  experiments,  “just  as  I  was  told  he  would 
do,”  he  added.  He  suggested  to  her  the  absolute  necessity  of 
Keely  doing  this  in  his  own  best  interest.  Keely  could  not,  how¬ 
ever,  be  induced  to  do  so.  The  Professor  left  the  city  at  once, 
and  under  the  circumstances,  as  he  explained,  thought  it  best 
not  to  appear  a  second  time  before  the  Franklin  Institute. 

The  explanation  here  given  is  not,  of  course,  a  complete  ex¬ 
planation  of  all  that  is  to  be  seen  in  Iveelv’s  laboratory.  Indeed 
it  would  take  more  than  four  visits  to  look  over,  which  is  all 
that  was  permitted,  the  apparatus  which  was  accumulated  in  a 
quarter  of  a  century.  It  is  enough,  however,  to  show  that 
nothing  was  shown  in  motion  which  required  a  force  to  move  it 
which  is  not  already  known.  The  manner  of  the  use  of  such 
forces,  as  used  in  these  experiments,  would  probably,  in  the 
minds  of  most  people,  throw  a  doubt  upon  the  probability  of 
Keely  s  knowledge  of  any  more  mysterious  force. 
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DISCUSSION  * 

Prof.  H.  W.  Spangler  stated  that  his  investigations  had  fully  con¬ 
vinced  him  that  all  the  experiments  and  results  exhibited  by  Mr.  Keely 
could  be  explained  under  recognized  laws  and  principles,  and  that  as  yet 
there  was  no  evidence  produced  that  a  new  form  of  force  had  been  dis¬ 
covered.  Some  years  ago  he  had  an  opportunity  to  examine  closely  the 
so  called  sensitized  bar  and  noted  that  it  was  made  of  several  pieces  which 
had  been  neatly  joined  in  the  manner  indicated  by  Mr.  Scott.  Dr. 
Leidy’s  statements  had  been  somewhat  erroneously  reported.  The  true 
statement  was  that  if  Mr.  Keely ’s  claims  are  well-founded,  he  is  one  of 
the  greatest  discoverers  the  world  has  ever  seen. 

Mr.  Chas.  B.  Collier  (non-member)  stated  that  he  had  been  for 
many  years  associated  with  Mr.  Keely’s  work.  He  dissented  from  many 
of  the  opinions  of  Mr.  Scott,  asserting  among  others  that  the  so-called 
wire  was  not  a  tube  and  that  compressed  air  was  not  and  could  not  be  used 
with  the  apparatus.  He  referred  to  visits  made  to  the  Keely  laboratory 
by  both  recognized  and  alleged  expert  physicists,  and  asserted  that  Mr. 
Lancaster  Thomas  and  himself  were  familiar  with  Mr.  Keely’s  method. 
He  declared  that  he  was  willing  to  perform  the  experiments  in  the  pres¬ 
ence  of  the  Club,  but  Mr.  Keely’s  consent  could  never  be  obtained  to  such 
a  procedure.  He  exhibited  drawings  purporting  to  represent  the  me¬ 
chanical  details  of  the  various  forms  of  apparatus.  Prof.  Rowland,  of 
the  Johns  Hopkins  University,  saw  the  levitation  experiment  and  as¬ 
serted  that  the  wire  was  a  tube  and  asked  that  it  should  be  cut  across  to 
decide  the  matter,  but  Mr.  Keely  refused. 

Brief  remarks  were  also  made  by  Messrs.  Hering,  Schumann  and 
Marburg. 

Mr.  Scott,  in  closing  the  discussion,  spoke  as  follows : 

Mr.  Scott. — I  cannot  answer  all  Mr.  Collier  has  said,  as  a  large  pro¬ 
portion  of  his  remarks  were  devoted  to  something  that  a  Mr.  Brown 
published  in  the  New  York  Herald  and  to  much  correspondence  based 
upon  that  publication,  with  which  I  am  entirely  unfamiliar.  I  am  grati¬ 
fied,  however,  that  the  two  points  on  which  I  laid  most  stress  in  my  paper 
have  been  unexpectedly  confirmed  by  the  discussion.  The  first  is  in 
regard  to  the  alleged  molecular  vibration  of  the  bar.  I  knew  nothing 
until  to-night  of  Professor  Spangler’s  discovery  that  Keely’s  sensitized 
bar  was  made  exactly  like  the  one  we  had  constructed  at  the  Spring 
Garden  Institute  in  imitation  of  it. 


*  Owing  to  a  misunderstanding,  the  discussion  was  not  fully  feported.  It  is,  there¬ 
fore,  given  in  abstract  and  in  a  form  somewhat  different  from  that  usually  followed. 
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The  other  point,  that  the  suppositious  wire  is  a  platinum  tube,  has 
been  confirmed  by  Mr.  Collier  himself.  I  had  not  before  heard  that  so 
eminent  a  physicist  as  Professor  Rowland  had  visited  Keely’s  laboratory 
and  had  come  to  the  same  conclusion,  although  he  could  not  demonstrate 
it  by  facts  as  I  have  done.  His  experience,  however,  was  identical  with 
mine  in  that  Keely  could  not  be  forced  to  show  whether  it  was  a  wire  or 
tube  by  permitting  it  to  be  cut.  Mr.  Collier  has  contented  himself  with 
denying  it  is  a  tube,  notwithstanding  the  facts  I  have  adduced  proving  it 
to  be  one.  I  suspected  it  on  the  first  of  my  four  visits,  and  confirmed  it 
at  each  subsequent  visit. 

I  omitted  to  mention  in  my  paper  an  interesting  experiment  in  which 
this  tube  played  an  important  part.  Picking  up  one  of  the  resonators, 
or  bundles  of  short  pipes,  which  was  capped  over  at  each  end,  he  attached 
it  to  a  sympathetic  negative  transmitter  by  the  platinum  tube.  On  the 
top  of  it  he  placed  an  ordinary  compass,  which  pointed  naturally  to  the 
north.  Operating  the  transmitter  and  snapping  chords  on  the  scales  the 
compass  needle  commenced  to  revolve  rapidly,  and  finally  stopped, 
pointing  south-east.  It  was  also  made  to  stop  at  other  points  of  the 
compass.  This  experiment  was  tried  on  each  of  the  four  visits,  on  one 
of  which  the  compass  used  was  one  belonging  to  the  Spring  Garden  In¬ 
stitute. 

On  the  last  visit,  Keely,  to  show  that  there  was  no  connection  made 
with  the  compass,  placed  one  of  the  sensitized  disks  on  top  of  the  reso¬ 
nator,  thereby  raising  the  compass  an  inch  or  more.  The  effect  was  at 
once  apparent.  The  compass  needle,  which  had  before  been  running 
with  its  point  much  depressed,  straightened  itself  up,  the  point  being 
much  less  depressed,  just  as  it  would  have  done  had  it  been  raised  further 
from  a  controlling  magnet.  Had  there  been  a  magnet  concealed  in  the 
resonator,  whirled  around  by  a  little  current  of  compressed  air,  the  result 
would  have  been  just  what  was  witnessed.  I  do  not  say  that  Keely  did 
it  that  way,  but  all  the  facts  pointed  to  it. 
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XVII. 


REPLACEMENT  OF  THE  OLD  METAL-SPAN  OF  THE  P 
SYLVANIA  RAILROAD  BRIDGE  OVER  THE  SCHUYL 
KILL  RIVER  AT  PHILADELPHIA, 
OCTOBER  17,  1897. 

By  Joseph  T.  Richards,  Member  A.  S.  C.  E. 

Read  December  4,  1897. 


T  XT 


The  replacing  of  the  metal-span  of  the  bridge  carrying  the 
New  York  Division  of  the  Pennsylvania  Railroad  over  the 
Schuylkill  River  near  Girard  Avenue,  Philadelphia,  has  been 
commented  on  quite  generally,  from  the  fact  that  the  old  span 
of  236  feet  3  inches  in  length,  was  moved  out,  and  the  new  span 
moved  27  feet  to  take  its  place,  in  precisely  2  minutes  and  28 
seconds,  the  time  between  trains  passing  over  the  old  span 
before  moving,  and  the  new  span  placed  in  position,  being  13 
minutes. 

I  have  been  requested  by  a  number  of  my  friends  to  give 
sufficient  description  to  show  the  actual  preparations  and  the 
conditions  under  which  this  transfer  of  bridges  was  made.  It  is 
probably  due  to  the  Pennsylvania  Railroad  Company’s  organ¬ 
ization,  as  well  as  to  the  engineering  profession  of  America,  that 
a  statement  of  facts  be  officially  made,  more  particularly  since  the 
publications  abroad,  especially  the  English  technical  journals, 
have  discredited  the  statements  given  by  our  American  news¬ 
papers,  so  far  as  to  term  it  an  incredible  feat.  In  order  to  make 
this  plain, it  is  with  regret  that  I  take  the  time  and  space  to  reprint 
a  sample  of  the  derisive  language  published  by  the  Industries 
and  Iron,  of  London,  under  date  of  November  19,  1897  : 

“Two  Remarkable  Engineering  Feats. 

“Look  on  this  picture,  and  on  that.  Feat  No.  1. — The 
widening  of  the  Great  Northern  Railway  from  King’s  Cross  to 
Huntingdon  is  rapidly  proceeding,  and  on  Sunday  last  the  Com¬ 
pany’s  engineers  performed  a  remarkable  feat  in  reconstruction. 
The  old  iron  bridge  south  of  Hatfield,  and  over  which  run 
four  lines  of  rails,  was  temporarily  closed,  and  with  every  neces¬ 
sary  appliance  in  readiness,  the  old  bridge  was  removed  and 
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replaced  by  a  new  iron  girder  bridge  in  about  fifty  minutes. 
This  is  creditable  and  credible.  Feat  No.  2. — A  remarkable 
engineering  feat  was  recently  accomplished  in  America.  The 
Pennsylvania  Railway  Company  removed  the  old  bridge  over 
the  Schuylkill  River,  and  simultaneously  replaced  it  with  a 
heavier  steel  structure,  24*2  feet  long  and  25  feet  wide.  The  re¬ 
moval  was  completed  in  2  minutes  and  28  seconds,  and  a  train 
crossed  the  new  bridge  within  12  minutes  from  the  starting  of 
the  work.  This  would  be  creditable  if  credible.  We  think  the 
veracity  machine  of  the  author  of  the  second  statement  must  be 
slightly  out  of  gear.  So  are  the  reflective  powers  of  the  editors 
of  the  various  British  journals  in  which  it  has  been  reproduced 
with  appreciative  comments.’’ 

This  may  be  passed,  however,  as  it  evidently  is  almost  an 
incredible  feat  for  our  English  friends,  yet  it  is  but  little  more  than 
an  ordinary  matter  for  President  Thomson's  organization  of  the 
Pennsvlvania  Railroad. 

The  details  of  the  new  span  will  not  be  entered  into  here,  as 
my  particular  subject  is  the  replacement  of  the  old  span,  but  the 
dimensions  and  weight  are  pertinent,  and  it  may  be  well  to  say, 
that  the  new  span  is  a  double  track  deck  Pratt  truss,  235  feet 
7  inches  long,  c.  to  c.  of  end  pins,  consisting  of  11  panels  of 
21  feet  5  inches  each,  25  feet  0  inches  in  depth,  the  trusses 
being  spaced  19  feet  apart,  c.  to  c.  The  weight  of  metal  in 
the  new  span  is  570  tons.  The  metal  in  the  old  span  weighed 
404  tons.  The  total  weight  of  both  spans,  including  floor  sys¬ 
tems  and  track  as  moved,  was  about  1250  tons. 

That  part  of  the  New  York  Division  on  which  this  bridge  is 
located  is  known  as  the  Connecting  Railway.  The  old  bridge 
was  built  during  the  construction  of  this  road  in  1SG7.  The 
entire  viaduct  spans  both  the  east  and  west  drives  of  Fairmount 
Park,  as  well  as  the  Schuylkill  River,  and  crosses  over  Girard 
Avenue  at  the  intersection  of  Thirty-fourth  Street  and  the  Park 
entrance.  The  approaches  consist  of  a  series  of  stone  arches, 
six  at  the  east,  and  nine  at  the  west  approach,  with  a  metal  span 
over  the  water.  The  total  length  of  the  viaduct,  including 
arches  and  metal  span,  is  972  feet,  end  to  end.  The  old  metal 
span  was  known  as  a  Linville  truss,  being  a  double  intersection 
or  Whipple  type.  The  height  of  the  bridge  is  GS  feet  3  inches 
from  base  of  rail  to  the  water  line.  The  water  has  a  depth  of  23 
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to  40  feet>  being  within  the  slack  water  of  Fairmount  dam.  The 
bottom  of  the  dam  has  a  strata  of  6  to  12  feet  of  mud  and  clay, 
under  which  is  a  firm  bed  of  hard  gravel  and  sand.  The  center 
line  of  the  railroad  runs  approximately  east  and  west,  crossing 
the  river  at  about  right  angles. 

In  renewing  bridges  of  this  kind,  one  of  two  methods  may  be 
adopted.  One  is  to  trestle  up  the  old  bridge,  and  interweave  the 
new  one  piece  by  piece,  through  the  old  structure  under  the 
tracks,  while  trains  are  in  operation.  This  is  a  slow  process,  but 
not  always  objectionable,  and  sometimes  adopted  in  our  railroad 
work.  The  other  method  is  the  one  practised  at  this  time,  of 
building  the  new  span,  complete,  alongside  of  the  old  one,  and 
moving  it  to  place  and  the  old  one  out  between  trains.  The  first 
method  has  the  advantage  of  making  absolutely  sure  that  no  delay 
will  occur  to  trains,  and  requires  less  engineering  skill  than  the 
second,  which  may  be  considered  to  have  an  element  of  uncer¬ 
tainty  about  getting  the  new  one  in  place  within  a  given  time 
between  trains.  The  latter  method,  however,  has  the  advantage 
of  giving  a  better  opportunity  to  assemble  and  erect  the  new 
span,  riveting  up  every  part  without  being  disturbed  by  passing 
trains,  and  without  having  a  load  placed  on  any  part  of  the 
bridge  until  it  is  completed  and  ready  for  service,  all  of  which 
generally  finishes  the  bridge  in  better  condition  than  could  other¬ 
wise  be  done,  and  is  the  reason  for  adopting  it  here. 

The  new  bridge  was  placed  under  contract  Ma}^  24th,  1897 ; 
the  preliminary  work  and  erection  followed  in  due  time.  The 
falseworks  consisted  of  square  sawed  timber  driven  to  hard  bot¬ 
tom,  forming  a  pile-timber  platform  which  surrounded  the  abut¬ 
ment  piers  and  extended  north  and  south  a  sufficient  distance  to 
be  used  to  support  the  new  span  during  its  erection  on  the  south 
side,  and  to  receive  the  old  span  when  rolled  out  of  place  on  the 
north  side.  The  top  or  floor  dimensions  of  this  platform  was  42 
feet  in  width  by  108  feet  in  length.  It  also  provided  working 
space  for  the  bridge  carpenters,  stationary  boilers,  engines,  pull¬ 
ing  ropes,  etc.  The  preparations  for  moving,  that  is,  preparing 
and  placing  the  bed  rails  and  rollers  under  both  the  old  and  new 
spans,  erecting  the  blocks  and  ropes,  furnishing  and  placing  the 
stationary  engines  with  power  sufficient  to  haul  the  two  bridges, 
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all  went  on  daring  the  erection  of  the  new  span,  so  that  hv  the  time 
the  latter  was  completed,  everything  was  in  readiness  for  the  in¬ 
terchange  of  the  two  spans.  Shortly  before  the  completion  of 
these  preparations,  the  old  span  (which  had  been  carried  clear  of 
the  rollers)  was  jacked  up  with  hydraulic  jacks,  and  the  rollers 
placed  under  the  ends.  It  is  not  well  to  do  this  too  long  in  ad¬ 
vance  of  the  time  set  for  moving,  as  the  weight  long  standing  on 
the  rollers  might  result  in  flattening  some  of  them,  or  forcing 
them  down  into  the  rails  on  which  they  rest,  and  consequently 
give  trouble  in  starting  the  bridge.  The  foundation  or  bed  for 
the  rollers  was  composed  of  six  ordinary  85-pound  track  rails, 
placed  on  substantial  timber  framing  reaching  across  the  bridge 
seats,  and  extending  up  and  down  stream.  These  rails  were  laid 
in  their  normal  position  (heads  up).  Upon  them  the  nest  of  con¬ 
tinuous  rollers  was  placed,  each  roller  being  2^  inches  diameter 
by  36  inches  long,  placed  6  inches  apart,  c.  to  c.;  136  of  these 
rollers  were  used  under  each  end  of  the  spans.  They  were  con¬ 
nected  together  by  side  straps  to  prevent  them  from  sluing  or 
clustering  when  rolling.  On  top  of  the  rollers  a  second  set  of  six 
85-pound  track  rails  were  placed  in  their  normal  position,  and 
upon  which  the  pedestals  of  the  old  and  new  spans  were  allowed 
to  rest.  The  six  rails  forming  each  bed  plate  were  rigidly  spliced 
and  bolted  together,  uniting  them  into  one.  The  power  to  move 
the  spans  was  supplied  by  an  upright  boiler  and  engine,  having 
four  drums,  placed  at  each  end  of  the  span,  on  the  platform  of 
the  temporary  faleworks,  together  with  two  auxiliary  engines  on 
barges  down  near  the  water  level.  These  engines  had  a  combined 
capacity  of  about  100  H.  P.,  or  50  H.  P.  at  each  end  of  the  bridge. 
Four  sets  of  four-sheave  blocks,  or  eight  sets  of  rope,  were  used  in 
connection  with  these  engines,  making  3*2  lines  of  2-inch  rope  at 
each  end,  the  ninth  rope  running  to  the  drums  of  the  engines. 
Four  similar  blocks  were  connected  to  the  end  posts  of  the  bridges, 
which  were  strengthened  by  temporary  rods  around  the  struts 
between  at  the  base,  to  which  the  blocks  and  rope  were  attached, 
one  set  of  blocks  and  ropes  going  past  the  old  span  to  reach  and 
connect  with  the  end  posts  of  the  new  span  on  the  south  side. 
The  anchorage  to  which  the  eight  blocks  were  attached  consisted 
of  heavily  braced  clusters  of  timbers  on  the  extreme  north  end 
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of  the  falseworks,  which  were  well  braced  against  the  masonry 
piers.  Two  emergency  60-ton  jacks,  one  at  each  end  of  the  span, 
were  put  at  the  extreme  south  end  of  the  falseworks,  placed  with 
strong  abutting  timbers,  to  be  used  in  case  the  bridge  for  any 
reason  did  not  start  promptly;  these,  however,  were  not  brought 
into  use,  as  the  bridge  started  without  them.  As  a  further  pre¬ 
caution  against  a  sudden  or  too  rapid  movement  after  starting, 
or  against  the  possibility  of  hauling  the  bridge  past  its  proper 
resting  place,  a  check  block  and  tackle  was  rigged  on  the  south 
side  at  each  end,  and  a  rope  wound  around  a  snubbing  post  with 
a  skillful  carpenter  in  attendance.  This  emergency  rope,  how¬ 
ever,  was  not  brought  into  use,  as  it  was  not  found  necessary. 
The  distance  the  two  spans  were  moved  was  *27  feet.  One  of  the 
greatest  precautions  to  be  taken,  was  to  insure  each  end  of  the 
spans  to  move  alike,  as  there  was  a  clearance  of  but  four  inches 
between  the  masonry  and  the  top  chords  of  the  bridge,  and  it  can 
readilv  be  understood  that  should  one  end  roll  in  advance  of  the 
other,  the  bridges  would  not  travel  in  the  proper  line,  and  would 
result  in  striking  the  masonry,  thus  bringing  the  operation  to  a 
standstill,  a  position  from  which  it  would  take  considerable  time 
to  disengage.  To  provide  against  this,  a  very  simple  device  was 
arranged  by  fastening  two  ropes  permanently  to  the  masonry,  one 
at  each  end,  and  extending  out  along  the  top  chord  to  the  center 
of  the  span,  passing  around  a  wheel  and  descending  to  a  short 
distance  below  the  bottom  chord,  with  two  large  weights  sus¬ 
pended  from  the  end  of  each  rope,  side  by  side,  with  tops  and 
bottoms  even.  Should  one  end  move  faster  than  the  other,  one 
weight  would  be  seen  to  rise  above  the  other,  and  the  fast  end 
would  necessarily  be  slowed  down,  and  the  slow  end  advanced 
until  the  weights  were  again  seen  to  be  on  a  level.  This  proved  to 
be  a  very  good  method  and  assisted  much  in  the  rapid  progress 
made.  As  an  auxiliary  device,  a  long  board  divided  into  feet 
and  inches  was  nailed  across  the  face  of  the  abutment  walls  with 
an  index  attached  to  the  bridge  which  travelled  with  the  moving 
spans  along  the  face  of  the  board,  thus  pointing  out  the  feet  and 
inches  moved  at  each  end. 

The  joining  of  the  track  on  top  of  the  bridge,  was  a  matter 
requiring  accurate  measurement.  The  rails  laid  for  the  double 
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track  on  the  new  span  *27  feet  away,  were  to  fit  precisely  the  gap 
left  by  the  rails  moved  away  with  the  old  span.  Four  joints  at 
each  end,  or  eight  in  all,  were  to  be  made,  and  an  error  of  but  a 
small  fraction  of  an  inch  in  the  measurements  of  the  track,  or 
by  reason  of  the  bridge  moving  out  of  its  prescribed  line,  would 
cause  a  loss  of  time,  necessitating  the  cutting  or  shifting  of  the 
rails,  which  could  not  be  afforded  when  working  under  such 
close  a  margin.  To  guard,  against  this  possible  delay,  switch 
points  were  on  hand  to  joint  up  to  one  rail  and  extend  along  the 
other;  they  were  not  used,  however,  as  the  rails  jointed  perfectly, 
and  the  regular  splice  bars  and  bolts  were  put  on  before  trains 
passed  over. 

•  , 

After  all  preparations  were  completed,  the  day  set  for  moving 
the  bridge  was  Sunday,  October  17, 1897 ;  during  the  afternoon 
there  are  the  fewest  number  of  trains  passing  over  this  busy  part 
of  the  main  line.  To  make  it  plain,  I  will  give  the  schedule 
taken  from  the  time-table  at  this  point,  as  follows : 

Train  No.  811,  west-bound,  2.20  p.m.,  Chestnut  Hill  Local. 

“  No.  50,  east-bound,  2.36  “  Express  through  from  the  South. 

“  No.  932,  west-bound,  2.38  “  Philadelphia  and  Atlantic  City  Express. 

“  No.  810,  east-bound,  2.53  “  Chestnut  Hill  Local. 

“  No.  926,  east-bound,  3.41  “  Chestnut  Hill  Local. 

“  No.  36,  east-bound,  4.05  “  Richmond  and  New  York  Express. 

“  No.  927,  west-bound,  4.07  “  Chestnut  Hill  Local. 

From  this  the  greatest  time  between  trains  during  an  entire 
day  is  found  to  be  48  minutes,  being  between  two  east-bound 
Chestnut  Hill  trains,  one  passing  at  2.53,  the  next  following  at 
3.41  (the  west-bound  track  being  clear  during  the  same  time); 
consequently  this  time  was  selected  for  the  work. 

At  the  time  of  moving,  the  2.53  p.m.  train  from  Broad  Street 
Station  passed  over  at  precisely  at  2.57 ;  the  track  was  broken  at 
2.58,  the  bridge  started  to  move  at  2.59.  Both  spans  moved  to¬ 
gether,  and  the  new  span  was  in  position  at  3.01  and  28  seconds ; 
actual  time  of  moving,  2  minutes  and  28  seconds.  At  3.08  the 
track  east-bound  was  connected  ready  for  trains  ;  at  3.10  the  west¬ 
bound  track  was  connected  ready  for  trains.  At  3.10  a  locomo- 
tive,  Xo.  1064,  drawing  private  car  No.  229,  pi^ssed  over  the 
east-bound  track.  At  3.17  a  regular  freight  train  passed  over 
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west  bound  track.  Time  between  the  last  train  east  at  2.57  and 
the  special  train  passing  over  the  same  track  at  3.10,  was  13  min¬ 
utes. 

The  above  figures  given  are  sufficient  indication  of  the  nicety 
and  precision  which  this  transfer  was  made,  and  no  accident  to 
cause  either  a  delay  or  an  injury  to  anv  of  the  workmen  in  con- 

V  V  V 

nection  with  the  operation  occurred  to  detract  from  the  success¬ 
fully  planned  and  executed  work. 

After  the  transfer,  as  may  be  understood,  the  old  span  occupied 
a  position  to  the  north,  or  up-stream  side  of  the  railroad,  its  ends 
being  supported  by  the  false  works,  the  new  span  assumed  the 
responsibility  of  carrying  the  busy  traffic,  which  the  old  one  had 
borne  so  well  for  the  past  thirty  years. 

DISCUSSION. 

W  alter  L.  Webb. — I  wish  to  ask  about  the  rollers  and  supports 
under  the  bridge.  They  must  have  been  taken  out  later,  but  the  bridge 
must  have  been  on  the  rollers  when  the  first  train  passed  over  it.  I  pre¬ 
sume  that  the  bridge  was  not  dropped ;  something  was  put  in  to  replace 
the  rollers.  Were  the  rollers  turned  ? 

Mr.  Richards. — It  was  on  rollers  and  the  old  bridge  was  on  rollers 
for  two  days  before  it  was  moved.  The  new  bridge  was  raised  a  few 
inches;  this  was  all  that  was  required,  because  there  were  bed-plates  to 
go  under  the  iron  bridge-seat.  Immediately  under  the  rollers  there  was 
another  iron  bed-plate  to  rest  on  the  masonry.  The  rollers  were  rolled, 
not  turned. 

James  Christie. — This  feat  was  a  remarkable  one  considering  the 
rapidity  of  the  movement,  and  the  extent  and  magnitude  of  the  struc¬ 
ture.  Work  of  this  kind  has  been  done  before,  with  work  of  less  im¬ 
portance.  I  recall  a  case  in  Newark,  N.  J.,  about  25  years  ago.  A 
highway  bridge  crosses  the  canal  askew,  one  end  of  the  trusses  resting 
on  a  girder  spanning  the  canal.  The  exigencies  of  the  case  required 
that  the  truss  should  be  assembled  at  a  distant  point,  and  slid  trans¬ 
versely  to  its  destination.  This  was  very  quickly  done — the  trusses  being 
handled  separately. 
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NOTES  AND  COMMUNICATIONS. 


Celebration  of  the  Twentieth  Anniversary  of  the  Organization 

of  the  Club. 

The  Twentieth  Anniversary  of  the  organization  of  the  Club  was  celebrated  by  a 
dinner  at  the  Manufacturers’  Club,  on  Friday,  December  17, 1897.  The  President  of 
the  Club,  Mr.  Joseph  T.  Richards,  presided,  and  Mr.  John  Birkinbine  acted  as 
Toast-master. 

Messrs.  Eglin,  Gwilliam  and  Leffmann  constituted  the  Special  Committee  of 
Arrangements. 

MENU 

“I  think  one  business  doth  command  us  all.” 

Rockaway  Oysters 
Green  Turtle  Soup 

Terrapin  Encased 

Roast  Tenderloin  with  Mushrooms 
Brussels  Sprouts  Potato  Croquettes 

Roman  Punch 

“  I  may  justly  say  -with  the  hook-nosed  fellow 
of  Rome :  1 1  came,  saw  and  overcame.’  ” 

Roast  Quail,  Stuffed 
Celery 

Lettuce,  Mayonnaise 
Harlequin  Ice  Cream  Cakes 
Cheese 
Coffee 

“  Serenely  calm,  the  Epicure  would  say 
Fate  cannot  harm  me,  I  have  dined  to-day.” 


TOASTS 

“The  Engineering  Profession,” . Henry  W.  Spangler 

“  Let  him  show 
His  skill  in  the  construction.” 

“Municipal  Engineering,” . GeorgeS.  Webster 


“The  axis  of  the  earth  sticks  out  visibly  through  the 
center  of  each  and  every  town  or  city.” 
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“Mechanical  Engineering,” . John  II.  Converse 

“Then  may  I  set  the  world  on  wheels.” 

“  Mining  Engineering,” . Henry  M.  Chance 

“In  the  clefts  of  the  valleys  must  they  dwell, 

In  the  holes  of  the  earth  and  of  the  rocks.” 

“  Electrical  Engineering,” . E.  A.  Scott 

“  Canst  thou  send  forth  ligthnings,  that  they  may  come, 

And  say  unto  thee  :  Here  we  are  ?  ” 

“  The  Past,  Present  and  Future  of  tiie  Club,” . Wilfred  Lewis 

“  Zogernd  kommt  die  Zukunft  hergezogen 
Pfeilschnell  ist  das  Jetzt  entflogen 
Ewig  still  steht  die  Vergangeuheit.” 

About  eighty-five  members  and  guests  were  present. 
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ANNUAL  REPORT  OF  THE  BOARD  OF  DIRECTORS. 

For  the  Fiscal  Year  1897. 


January  15,  1898. 

To  the  Engineers’  Club  of  Philadelphia. 

In  compliance  with  the  requirements  of  the  By-Laws,  the  Board  of  Directors 
offers  the  following  report  of  the  affairs  of  the  Club  for  the  year  ending  December 
31,  1897: 

During  the  year  eighteen  regular  meetings  of  the  Club  were  held,  at  which  the 
maximum  attendance  was  ninety-six,  and  the  average  about  seventy. 

Twelve  meetings  of  the  Board  were  held,  at  all  of  which  a  quorum  was  present. 

The  business  of  the  Board  has  been  much  facilitated  by  the  rules  and  regulations 
adopted  last  year,  which  have  been  continued  in  force  this  year.  Additional  rules 
defining  more  explicit}7  the  functions  of  the  various  committees  have  been  adopted 
with  much  advantage. 

The  annual  reports  of  the  standing  Committees  to  the  Board  are  herewith  pre¬ 
sented  : 

Membership  Committee. 

During  the  year  twenty-two  Active,  six  Associate  and  six  Junior  members  have 
been  elected,  fourteen  Active  and  one  Associate  member  resigned,  thirteen  Active 
and  two  Associate  members  have  been  dropped,  and  three  Active  and  one  Associate 
member  died.  One  death  occurring  in  1896  was  reported  in  1897.  These  changes 
have  resulted  in  a  loss  of  one  in  the  total  membership  of  the  Club. 

The  record  of  death  is  as  follows: 

Graham  Spencer,  Active  Member,  died  November  21,  1896. 

(Not  previously  reported.) 

George  B.  Roberts,  Active  Member,  died  January  30,  1897. 

Isaac  S.  Cassin,  Active  Member,  died  March  7,  1897. 

Rudolph  Boericke,  Active  Member,  died  December  25,  1897. 

Charles  G.  Hildreth,  Associate  Member,  died  July  9,  1897. 

The  membership  of  the  Club  on  December  31,  1897,  was  as  follows: 


Class.  Resident.  Non-Resident.  Total. 

Honorary .  1  1 

Active .  279  114  393 

Associate .  15  2  17 

Junior .  6  0  6 


300  117  417 


Information  Committee. 

The  Committee,  fully  aware  of  the  importance  of  obtaining  suitable  papers  for 
presentation  upon  the  diversified  subjects  relating  to  the  various^ranches  of  the  pro¬ 
fession,  has  made  all  efforts  in  this  direction,  by  soliciting  contributions  from  mem- 
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bers  and  non-members,  upon  subjects  with  which  they  are  conversant.  While  much 
interesting  material  is  promised,  the  authors  have  not  been  able  to  tix  definite  dates, 
hence  the  Committee  was  unable  to  present  in  advance  a  program  of  paj»ers  with 
dates  of  presentation. 

The  Committee  would  urge  upon  the  members  of  the  Club  the  desirability  of  fur¬ 
nishing  papers,  no  matter  how  brief,  provided  they  contain  points  of  general  interest 
to  the  profession,  and  would  also  call  the  attention  of  the  members  to  the  rule  allot¬ 
ting  two  meetings  during  the  year  for  Topical  Discussions.  It  would  greatly  aid  the 
Committee  if  members  would  submit  suggestions  as  to  subjects  for  discussion. 

The  papers  during  the  year  1S97  were  uniformly  interesting,  and  were  as  follows  : 

January  2. — Memorial  of  Amasa  Ely. 

January  16. — Annual  Report  of  the  Hoard  of  Directors.  Address  of  Retiring 
President,  A.  Falkenau.  Japanese  Railroads.  By  II.  Iwasaki  and  K.  Nagatani. 

February  6. — Steam  Boilers  as  the  Inspector  finds  them.  By  George  B.  Hartley. 

February  20. — Steel  as  viewed  by  the  Engineer.  By  P.  Kreuzpointner.  The 
Future  Habitation  of  the  Club.  By  Joseph  T.  Richards. 

March  6. — Memorial  of  George  B.  Roberts.  The  Sewage-Disposal  Plant  at  Al¬ 
toona,  Pa.  By  Harvey  Linton. 

March  20. — The  Construction  of  the  Queen  Lane  Reservoir,  Philadelphia.  By 
John  C.  Trautwine,  Jr. 

April  3. — Experiments  for  Determining  the  Velocity  of  the  Flow  of  Water  in 
Sewers.  By  Charles  Jacobsen.  Construction  of  the  Queen  Lane  Reservoir,  Phila¬ 
delphia.  By  Edwin  F.  Smith. 

April  17. — The  Installation  of  the  Niagara  Falls  Power  Co.  By  Charles  F. 
Scott. 

May  1. — The  Superstructure  of  the  Delaware  River  Bridge  at  Bridesburg,  Phila¬ 
delphia.  By  Paul  L.  Wolfel. 

May  15. — Topical  Discussion. — Modern  High  Office-Buildings. 

June  5. — The  Bertrand-Thiel  Modification  of  the  Open-Hearth  Process.  By  J. 
S.  Robeson.  Rainfall  and  Stream-Flow  Observations  in  Eastern  Pennsylvania.  By 
John  E.  Cod  man. 

September  18. — The  Engineering  Chemistry  of  Clay.  By  Henry  Lefifmann. 

October  2. — The  Delaware  River  Bridge  at  Easton,  Pennsylvania.  By  J.  M. 

Porter. 

October  16. — Breakwater  Construction  on  the  American  Coast.  By  L.  Y.  Scher- 
merhorn. 

November  6.  — Some  Features  of  Stone-Road  Construction.  By  Benjamin  F ranklin. 

November  20. — The  Mass-Curve  in  Earthwork  Computations.  By  Walter  L. 
Webb. 

December  4. — Moving  the  Pennsylvania  Railroad  Bridge  over  the  Schuylkill 
River.  By  Joseph  T.  Richards. 

December  18. — Topical  Discussion. — A  Better  House  for  the  Engineers’  Club  of 
Philadelphia. 

Publication  Committee. 

When  the  present  Publication  Committee  assumed  charge,  the  publication  of  the 
Proceedings  was  being  carried  out  under  a  contract  with  a  publishing  firm,  but 
after  the  issue  of  the  April  number,  the  contract  was  dissolved  and  the  subsequent 
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numbers  have  been  published  solely  under  the  control  of  the  Club,  the  firm  merely 
acting  as  advertising  agents.  The  change  of  contract  interfered  with  the  prompt 
issue  of  the  midsummer  number  of  the  Proceedings. 

The  Committee  hoped  to  begin  this  year,  the  publication  of  the  Proceedings 
monthly,  but  the  publishers  were  unwilling  to  take  the  responsibility,  and  the  Com¬ 
mittee  has  not  felt  warranted  in  undertaking  this  plan  under  present  arrangements; 
nevertheless  it  is  thought  that  the  issuance  of  the  Proceedings  ten  months  in  the 
year  would  be  of  great  benefit  to  the  Club,  and  no  appreciable  additional  net  expense. 
To  make  such  a  system  successful,  a  stringent  enforcement  of  the  rules  in  regard  to 
furnishing  the  papers  read  before  the  Club,  and  copy  for  illustrations,  would  be  re¬ 
quired  to  secure  promptness  in  the  appearance  of  each  number,  without  which  the 
plan  would  have  no  advantages. 

The  usual  number  of  papers  has  been  published  during  the  year,  together  with 
notes  and  communications,  book-reviews  and  the  reports  of  the  meetings  of  the  Club 
and  Board  of  Directors. 

During  the  latter  part  of  the  year,  the  Committee  has  inaugurated  the  plan  of 
having  papers  set  up  prior  to  the  reading  and  a  limited  number  of  galley-proofs  pre¬ 
pared  to  be  distributed  to  such  persons  as  the  author  of  the  paper  may  designate, 
with  an  invitation  to  present  a  written  or  oral  discussion  thereon.  In  cases  in 
which  the  plan  has  been  carried  out  it  has  been  quite  satisfactory,  and  it  is  believed 
that  it  adds  much  to  the  thoroughness  of  the  discussions. 

Library  Committee. 

The  Library  Committee  begs  to  report  its  maintenance  of  the  subscription  and  ex¬ 
change  lists,  thus  ensuring  to  the  Club  Library  a  continuance  of  the  leading  technical 
journals.  An  unusually  large  number  of  works  on  engineering  and  kindred  subjects 
has  been  donated  during  the  year.  No  action  has  been  taken  on  the  recommenda¬ 
tion  that  a  Librarian  be  appointed.  While  the  Committee  believes  that  the  Library 
should  be  placed  on  a  basis  commensurate  with  its  value  to  the  Club,  the  uncer¬ 
tainty  as  to  the  future  habitation  of  the  Club  calls  for  a  postponement  of  the  ex¬ 
penditure  of  money  at  this  time  other  than  is  necessary  to  preserve  the  material  we 
now  have  and  to  prepare  the  many  pamphlets  for  binding.  For  the  same  reason 
the  Committee  refrains  from  making  recommendations. 

House  Committee. 

Keeping  in  view  the  possible  early  vacation  of  the  present  Club  House,  the  House 
Committee  has  confined  the  purchase  of  required  new  furnishings  to  such  articles  as 
can  be  readily  used  elsewhere. 

The  office  of  the  Club  has  been  moved  from  the  second  to  the  third  floor,  and  the 
former  office  has  been  remodelled  into  a  card  and  smoking  room. 

For  facilitating  the  business  of  the  Club,  a  roll-top  desk  for  the  office,  a  stand  for 
uie  electric  lantern,  and  a  larger  ballot-box  have  been  purchased.  A  telephone,  for 
the  general  use  of  the  Club,  has  also  been  installed. 

Permission  for  the  use  of  the  Club  rooms  has  been  granted  to  the  American  Boiler 
Makers’  Association  and  to  the  Committee  of  the  American  Society  of  Civil  Engi¬ 
neers,  on  Uniformity  of  Cement  Tests.  The  House  Committee  would  remind  the 
members  that  the  use  of  the  Club  rooms  for  meetings  of  kindred*  organizations  has 
been  authorized  by  the  Board  of  Directors,  and  application  therefor  should  be  made 
to  this  Committee. 


Phila.,  1S98,  XIV,  4.]  Annual  Report  of  the  Hoard  of  Directors. 


315 


F i  n a  nc k  Com  m  itt e e. 


Expenditures 
lor  18%. 

Estimate  for  Expenditures 
1897.  for  1>97. 

Estimate  fur 
1898. 

Salaries . 

Proceedings . 

House . . 

Luncheons . 

Notices . 

Secretary’s  Office . 

Treasurer’s  Office . 

Library . 

Information  Committee . 

Sinking  Fund . 

$1,190  50 
500  45* 
1,397  98 
677  50 
540  89 
202  00 
81  30 
70  20 
63  99 

$1,200  00 

1,400  00 
800  00 
600  00 
250  00 
100  00 
250  00 
150  00 

$1,221  50 
651  28* 
1,445  65 
696  00 
329  66 
176  13 
67  00 
37  94 
44  64 

$1,250  00 
200  00r 
1,500  00 
700  00 
400  00 
250  00 
80  00 
50  00 
100  00 

Miscellaneous . 

41  25 
396  43 
764  17 

100  00 

. 

House  Improvements . 

Liabilities  of  1895  paid . 

156  59 

250  00 

Total  Expenditures  &  Estimates. 

$5,926  66 

$4,850  00 

$4,826  39 

$4,780  00 

*  Total  expenditure.  f  Estimated  net  cost. 

Joseph  T.  Richards,  President. 
L.  F.  Rondinella  Secretary. 
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ANNUAL  REPORT  OF  THE  TREASURER  FOR  1897. 


Receipts. 


Dues  and  Initiation  Fees: 


1895 . 

$8  20 

1896 . 

300  00 

1897 . 

4,572  50 

1898 . 

145  00 

- $5,025  70 

Advertisements . 

.  $179  00 

Proceedings . 

..  .  79  03 

Interest  on  Deposits .. 

.  25  31 

Reprints . 

.  31  50 

Lantern  Slides . 

.  1  00 

Keys .  . 

.  2  00 

Total  Income . 

. $5,343  54 

Cash  Balance,  Dec.  31 

,  1896....  113  36 

$5,456  90 


Expenditures. 

Salaries  : 

Secretary .  $240  00 

Treasurer .  60  00 

Clerks .  621  50 

Janitor .  300  00 

- $1,221  50 

House : 

Kent . $1,100  00 

Coal  .  148  00 

Gas .  68  50 

Ice .  18  25 

Repairs,  Sup¬ 
plies,  etc .  88  40 

Insurance .  22  50 

- $1,445  65 

House  Improvements: 

Furniture  and  Fixtures  ...  $156  59 

Secretary’s  Office : 

Stamped  envelopes,  sta¬ 
tionery,  postage,  and 


supplies .  $173  13 

Proceedings .  ...  593  78 

Notices .  329  66 

Treasurer’s  Office .  67  00 

Information  Committee .  44  64 

Library., .  37  94 

Luncheons .  696  00 

Affidavit  of  Tellers .  3  00 

Reprints . 57  50 


Total  Disbursements  . $4,826  39 


Cash  Balance,  Dec.  31,  1897....  630  51 

$5,456  90 


Respectfully  submitted. 

Geo.  T.  G william,  Treasurer. 
Examined,  compared  with  vouchers, fbank  and  check-books,  and  found  correct, 

1  James  Christie, 

H.  W.  Spangler,  >  Auditors, 
i  W.  P.  Dallett,  J 

j 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Business  Meeting,  December  4,  1897. — The  President,  Joseph  T.  Richards,  in 
the  chair.  Seventy-three  members  and  visitors  present. 

The  Tellers  presented  a  supplementary  report,  stating  that  Mr.  P.  McManus  had 
been  duly  elected  an  associate  member  at  the  election  held  November  7th,  but 
through  a  mistake  his  name  had  not  been  included  in  the  list  rej>orted  on  that  date. 

The  following  nominations  for  officers  for  1898  were  made  : 


•  Nominee. 

President. 

Proposer. 

Seconder. 

Edgar  Marburg. 

A.  Falkenau. 

John  Birkinbine. 

L.  Y.  Schermerhorn. 

James  Christie. 

F.  Schumann. 

Wm.  C.  L.  Eglin. 

Vice-President. 
Henry  LefFmann. 

Carl  Hering. 

L.  F.  Rondinella. 

Secretary. 

John  Birkinbine. 

James  Christie. 

George  T.  Gwilliam. 

Treasurer. 

Minford  Levis. 

Wm.  C.  L.  Eglin. 

W.  Copeland  Furber. 

Directors. 

Henry  LefFmann. 

Geo.  S.  Webster. 

Edwin  F.  Smith. 

J.  C.  Trautwine,  Jr. 

John  E.  Codman. 

L.  Y.  Schermerhorn. 

J.  C.  Trautwine,  Jr. 

John  E.  Codman. 

R.  L.  Humphrey. 

r  Geo.  T.  Gwilliam. 

F.  Bloch. 

I  Harrison  Souder. 

Geo.  B.  Taylor. 

C.  H.  Ott. 

Geo.  S.  Webster. 

J.  C.  Trautwine,  J 

Mr.  Joseph  T.  Richards  read  a  paper,  entitled  “Replacement  of  the  Old  Span  of 
the  P.  R.  R.  Bridge  over  the  Schuylkill  River.” 

The  subject  was  discussed  by  Messrs.  Christie,  Marburg,  and  others. 

Dr.  LefFmann  showed  some  lantern  slides,  illustrating  the  ancient  aqueduct  at 
Lyons,  France. 

Mr.  J.  E.  Codman  showed  some  lantern  slides  of  picturesque  scenery  in  Maine. 

Business  Meeting,  December  18,  1897. — The  First  Vice-President,  Mr.  Carl 
Hering,  in  the  chair.  Sixty-five  members  «  nd  visitors  present. 

The  Tellers  reported  the  election  of  Messi-s.  J.  F.  Hasskarl,  Theo.  Spencer,  and  A. 
B.  Stowell  to  active  membership,  and  M.  F.  Wilfong  to  associate  membership. 

A  topical  discussion  on  the  subject  “  A  Better  House  for  the  Engineers’  Club  of 
Philadelphia”  was  opened  by  the  presentation  of  the  report  of  the  Special  Committee 
on  New  Building.  The  following  resolution  was  adopted  : 

That  the  report  of  the  Committee  be  referred  to  the  Board  of  Directors,  with 
instructions  to  ascertain  what  amount  of  subscription  of  second  mortgage  bonds  could 
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be  obtained,  and  what  proportion  of  the  resident  membership  would  agree  to  a  rais¬ 
ing  of  the  dues  to  twenty  dollars  per  year  in  the  event  of  the  purchase  of  a  new  club¬ 
house,  to  investigate  the  availability  and  cost  of  buildings,  and  to  consider  the  ques¬ 
tion  of  renting  a  club-house  in  another  location. 

Regular  Meeting,  January  1,  1898. — The  President,  Joseph  T.  Richards,  in  the 
chair.  Five  members  present. 

The  death  of  Mr.  Rudolph  Boericke,  on  December  25,  1897,  was  announced. 

Routine  business  only  was  transacted. 

Special  Meeting,  Januay  8,  1898. — The  President,  Joseph  T.  Richards,  in  the 
chair.  One  hundred  and  six  members  and  visitors  present. 

The  Tellers  reported  the  election  of  Messrs.  J.  F.  Baker,  C.  M.  Mills,  E.  D.  Thomp¬ 
son,  C.  H.  Umstead,  and  C.  I.  Young  to  active  membership. 

Mr.  E.  A.  Scott  read  a  paper  entitled  “The  Keely  Motor.”  The  subject  was  dis¬ 
cussed  by  Messrs.  Spangler,  Marburg,  Schumann,  and  C.  B.  Collier  (non-member). 

Business  Meeting,  January  15,  1898. — The  President,  Joseph  T.  Richards,  in  the 
chair.  Seventy-five  members  and  visitors  present. 

Mr.  Joseph  T.  Richards  read  the  address  as  Retiring  President. 

The  annual  report  of  the  Board  of  Directors  was  presented  and  discussed. 

The  Tellers  announced  the  following  as  the  result  of  the  election  of  officers  : 

President — L.  Y.  Schermerhorn. 

Vice-President — Wm.  C.  L.  Eglin. 

Secretary — L.  F.  Rondinella. 

Treasurer — Geo.  T.  Gwilliam. 

Directors — R.  L.  Humphrey,  C.  H.  Ott,  and  E.  F.  Smith. 
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Regular  Meeting,  December  18,1897. — Present:  The  President,  the  Second 
Vice-President,  Directors  Livingston,  Schermerhorn,  Eglin,  Hartley  and  Schumann, 


the  Secretary  and  the  Treasurer. 

The  Treasurer’s  Report  showed  : 

Balance  on  hand  November  1st .  $455  SO 

Receipts  in  November .  402  70 

-  $858  50 

Expenditures  in  November  .  105  75 

Balance  November  30,  1897 .  $752  75 


Resignations  of  active  membership  were  presented  and  accepted  from  Messrs. 
Edgar  Piercv,  John  S.  Muck  1  <5  and  J.  Franklin  Stevens. 

Special  Meeting,  January  3,  1898. — Present:  The  Vice-Presidents ;  Directors 
Eglin,  Schumann,  Livingston,  Hartley,  and  Schermerhorn  ;  the  Secretary  and  the 
Treasurer. 

The  Annual  Report  of  the  Board  of  Directors  was  submitted  by  Dr.  Leflmann, 
Chairman  of  the  Special  Committee  appointed  to  prepare  it.  It  was  considered  by 
paragraphs,  and  after  slight  changes  in  phraseology  it  was  adopted  for  presentation 
to  the  Club  at  its  Annual  Meeting. 

Upon  motion,  duly  seconded  and  carried,  the  Treasurer  was  ordered  to  bring  legal 
action  for  the  collection  of  all  delinquent  dues. 

Resignations  of  Active  Membership  were  presented  and  accepted  from  Messrs. 
Thomas  J.  Carlile,  Wm.  H.  Adey,  G.  D.  Chenoweth  and  Louis  S.  Wright,  and  of 
Associate  Membership  from  Mr.  S.  E.  Moore. 

Regular  Meeting,  January  15,  1898. — Present:  The  President,  the  Vice- 
Presidents,  Directors  Schermerhorn,  Livingston,  Ott,  Schumann,  Eglin,  and  Hartley, 
the  Secretary  and  the  Treasurer. 

Routine  business  was  transacted. 

Organization  Meeting,  January  22,  1898. — Present:  The  President,  the  Vice- 
Presidents,  Directors  Ott,  Schumann,  Hartley  and  Smith,  the  Secretary  and  the 
Treasurer.  On  motion  Mr.  H.  C.  Liiders  was  elected  a  director  for  the  unexpired 
term  of  Mr.  Wm.  C.  L.  Eglin,  elected  Vice-President. 

The  President  announced  the  Standing  Committees  for  1898.  (See  official  list.) 

The  Treasurer  stated  that  he  would  probably  be  absent  from  the  city  for  several 
months  and  requested  that  some  arrangements  be  made  for  conducting  the  business  of 
his  office  during  that  period.  On  motion  it  was  decided  that  the  Treasurer  should 
be  authorized  to  execute  a  power  of  attorney  to  Dr.  Minford  Lewis  to  sign  checks 
under  the  authorization  of  the  Finance  Committee. 
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CONTRIBUTIONS  TO  THE  LIBRARY. 

From  G.  W.  Creighton. 

Rail  Joints. 

Comparative  Experiments  upon  the  Strength  of  Rail  Joints. 

From  American  Society  of  Mining  Engineers. 

Improvements  in  Mining  and  Metallurgical  Appliances  during  the  Last  Decade; — 
Spilsbury. 

The  Iron  Ore  Supply  ; — Birkinbine. 

Explorations  on  the  Mesah  Range  ; — Longyear. 

The  Technology  of  Cement  Plaster; — Wilkinson. 

Investigations  of  Water  Supply  ; — Newell. 

The  Marquette  Range— Its  Discovery,  Development  and  Resources; — Jopling. 
Mining  Methods  on  the  Mesah  Range; — Bailey. 

Notes  on  Six  Months’  Working  of  Dover  Furnace,  Canal  Dover,  Ohio. 

Biographical  Notice  of  Peter  Ritter  von  Turner  ; — Raymond. 

The  Electrolytic  Assay  of  Lead  on  Rolled  and  Drawn  Brass. 

The  Calorific  Value  of  American  Coals. 

A  New  Form  for  Ingot-Mould  for  Casting  Brass  or  Bronze  Ingots,  with  Remarks  on 
the  General  Form  of  Ingots  ; — Sperry. 

The  Genesis  of  Certain  Auriferous  Lodes; — Dow. 

From  Lehigh  University. 

The  Probability  of  Hit  When  the  Probable  Error  in  Aim  is  Known  :  With  a  Com¬ 
parison  of  the  Probabilities  of  Hit  by  the  Methods  of  Independent  and 
Parallel  Fire  from  Mortar  Batteries. 

Past  and  Present  Tendencies  in  Engineering  Education. 

From  C.  W.  Raymond. 

Improvement  of  Rivers  and  Harbors  in  Southern  New  Jersey;  of  Delaware  River 
and  Bay,  and  of  Waters  Tributary  thereto,  New  Jersey,  Pennsylvania  and 
Delaware. 

From  American  Society  of  Mechanical  Engineers. 

Transaction,  Volume  XVIII,  1897. 

From  Smithsonian  Institution. 

Annual  Report,  1895. 

Report,  National  Museum,  1890. 

From  United  States  Geological  Survey. 

Water  Supply  and  Irrigation  Papers. 

No.  5,  Irrigation  Practice  on  the  Great  Plains; — Cowgill. 

No.  4,  A  Reconnoisance  in  S.  E.  Washington; — Russell. 

No.  6,  Underground  Waters  of  S.  W.  Kansas; — Haworth. 

No.  7,  Seepage  Water  of  Northern  Utah  ; — Fortier. 

No.  8,  Windmills  for  Irrigation  ; — Murphy. 

No.  9,  Irrigation  near  Greeley,  Col.  ; — Boyd. 

No.  11,  River  Heights,  1896  ; — Davis. 

,  From  University  of  Wisconsin. 

A  Comparative  Test  of  Steam  Injectors  ; — Trautman. 

From  Purdue  Society  of  Civil  Engineering. 

Proceedings,  1897. 

From  Engineering  Association  of  South  Wales. 

Proceedings,  Volume  IX,  1893-94. 
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